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CHAPTER 1 

' FEARIHG . . 
THE VNKNQWH 



During the 19oCVs and early L970's out national concern lor science 
reached.. perhaps, an aLUtime peak The advent ot the Space Age made more 
people aware ot the potential tor .scientific triumphs never before dreamed 
of Science and scientists vvere accorded the highest* esteem Ken at the tync 
ot this w riting, our -nation continues to place* great faith puth "in our 
scientific arid technological fields and in tljose persons involved in them I he 
mass media, especially television, have guen the public a broad coverage ot 
ajl fields ot science and technology As a result, these same media have 
contributed greatly to the stimulation ot public intercut *irj and under 
standing ot science and engineering 

\ct a comment -frequently heard is that, the schools ot tins nation " 3 
•have noHocused adequate attention on science and scientific studies — this , 
in spite of the tact th^t ; more and* more scientific literature and 
supplementary learning materials have been made .available to classruom 
teachers 1 he .massive efforts of the National Science Foundation have 
stimalated elementary school^science curriculum development to a state- 
never before even contemplated 

In actuality, though, the " typical* elementary sth(X)l teacher tends 
to be apprehensive about the teaching of science despite the tac* that 
science, technology, and scientific values permeate American culture 
Perhaps that is the problem Science is so much a part of ourdailv lives that 
we tend not to observe the evidenced its processes occurring within and 
around^us, and, as a consequence, we think* ot suuki as a discipline 
exemplified bv Albert Einstein's famous equations — understandable bv 
just a handful of^people in the world, and totally abstract to the rest ot us 
Flementarv school teachers tend to ignore science because thev have a high 
degree of anxiety about the topic, and, perhaps, tear that as teachers Wiey ck; ' 
not know enough to teach it well % ' 

But this need not be so Science is similar to any ot the**other , 
•disciplines that are represented in the elementary sch(x)1 currieulupi 
Granted, the body # of scientific knowledge b voluminous, and science habits 
own way of "knowing" — experimentation — along witl\a rather special 
vocab'ulaty But science is a means of generating new know ledge and, /is one ^ < 
consequence, of making the Worlds better place in which to live j , 




I he problems associated with teaching science at the elementarv , 
level have riot resulted trom indecision as to ulut to teach orc\cn k'u to 
teach, but rather from wh<jt seems to be a fur cj UuJutty vkn a I o dkspcNhis 
(ear 'is my purpose here \\lv goal, and that ot the "National f ducat ion . 
Association, i's to help 'you, *as an elementarv schooj teacher, to better 
understand vvhat science is and to become jporc contidetit teaching it I 
hope" to provide a series oLclaSsroom tested practice^ a*hd techniques that 
\\\\\ help each of vou extend your knowledge ot teaching per se to the 
teaching ot one ot the most fascinating Uelds' known humans — science, 

* Why Teach Science in*the Elementary Grades? 

a* 

There are many lists of objectives and rationales tor teaching science 
to elemental school students High on the list is the tact that science is t 
having an impact on the lives of aU people in the world greaterriian that ot 
am other cultural facet, perhaps e> en including religion ou will note that 
scientific and technological knowledge is the tactor used to distinguish 
among developing nations, industrialized nations, and "post industrial" 
nations such as the United States Thus, science impinges on people at their 
shops, homes, and transportation terminals, and even m their entertainment 

However, the materialistic well-being ot a people is just one 
measure of the impact of science on the world's culture \\ ithm our own 
nation we use science as one of the means by which to inculcate some ot the 
following values 

1 Science is used to stimulate the critical and creative thinking 
skills of young people * * * 

2 Bv knowing about scientific tacts, principles, and -theories, our 
citizens>better understand and apprecutfethe w hole ot the planet 
earth and the universe ' * < * 

3 I he study of science aids in decision making bv our gov crnment 
Citizens with a better knowledge ot the universe are better able 
to make more intelligent decisions — especially in the^reas ot 
the environment and those socially related considerations that are 
also a part of the world of science 

4 Scientific knowledge and its study lead to future careers in the 
field These careers may not yet be invented Recall that just a 
quarter of. a century ago, there was virtually no computer 
industry, and jobs that fequired know ledge about electronic data 
processing were few With just one tiny breakthrough — the 
transistor — tne careers of millions of persons were created 



Among- the other major goals of modern elementary science 
education, there is a genuine desire to stimulate the cunosit} of all 
youngsters so that thev can share in the excitement of scientific inquiry and 
investigations Activity-oriented science programs allow students to 
conduct laboratory experiments that aid a in' the developnynt' of effective 
reasoning These experiences also make vdung students familiar yvith the 
very methods and concepts used by real scientists in their daily yvork 

The Modern Rationales, The rationale of more contemporary 
science educatorsus fhat science is more than simple facts Students must be 
gnen experiences that make then) scientifically literate — i c , make them 
awiue of how* a scientist works and of how the k no yv ledge of science is 
generated / 

A most important concern of the contemporary science mmement is 
that students have direct experience with natural phenomena, that they be 
allowed to conduct scientifically related myestigations The use of actfy ities 
means that the conceptual structure of elqmentarv science is deyeloped vy ith 
appropriate teacher-provided guidance and experiences — points 1 will 
return to many times 

Finally, students learn that science and all the findings of science are 

to be construed a£ being divergent and not absolute All scientific findings 

are quite tentative, -and all facts subject to re interpretation Neyy 

experiments and new findings continual!) change the meanings of previously 

known facts or concepts The latter may be tne most difficult concept for 

teachers and students at all levels to comprehend , 

* • . * ' 

Scientific Processes 

How does a student begin to comprehend the* tentatKeness> of 
science ? . This comprehension comes from- being immersed in the various 
prousses usually, associated with science The Commission on Science- 
Education of the American^ Association for the Adyancement of Science has 
identified at least 13 processes that are critical to the learning of* scientific 
reasoning These processes are predicated on .the assumption that scientists 
use a distinct set of intellectual processes - * '* * 

Scientific literacy is developed by devising experiences that 
reinforce these processes Through funding by the National Science 
Foundation, these psocesses were, in fact, implemented in a curriculum 
entitled "Science — A Process Approach" (SAPA) SA^A *s unique in 
many ways It is the first total curriculum ever to be constructed by using 
* the processes of, the scientific community The processes are the content to 
be learned, while the scientific concepts and educational experiences are 
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sfmpK the \j:hulcs through v\ hich the processes are applied 1 he Waiters 
and developers oLSAPA identified generic sc. lentil il processes that arc basMc 
to ail empirical endeavors* Ihese processes are lIoscK interrelated in t^ic 
SAPA c»TricuJum materials to show the relationships and the sequencing ot 
the processes Arranged somevv hat»in ascending order ol com|*>lcxitv , tlx 
processes ol SAP A follow 

I (-)Kriw^ Beginning with identilving objects *nd object prop 
erties this sequence proceeds to the identifying ot changes in 
various phvsital svstcmb, the making ol controlled observations 
and the ordering ol a series ol observations 
" 2 Ouswjvmg Development begins v\ ith simple elassilieations -l>f 
\arious phvsieal and biological sv stems, and progresses thrdiigh 
. ^ multrsjage elassilieations, including their coding and tabulation. ^ 
^ Inferring Initullv, the^id'ea is developed that interenees diller 
I mm observations As development- proceeds, inferences are 
constructed* lor observations ol j^hv sieal and biological 
phenomena, and situations are constructed to test interenees 
drawn Irom hypotheses 
4* Usi»^ rtumlvrs VI his sequence begins v\ ith ident^iK'ing sets and 
the ip memhers^ and progresses through ordering, counting* 
adding' multiplying, dividing, finding averages, using decimals, 
anxi working with powers ot ttjri hxerciscs m number using-arc 
introduced to support exercises in the other processes 

5 MtMMO^ Beginning witji.' the iclentifwng and ordering ot 
lengths, the development ol ^th\s process proceeds w ith the 
demonstration ol rules lor measurement ol length, area, volume, 
weigh t , temperature, force, speed, and a number ot derived 
measures applicable to specific phvsieal and biological svstems 

6 llsmtj spuu-ttmt rvlcmomlups I his sequence begins w uh» the 
identifying of shapes, movement, . and direction It continues 
with the learning ot rules applicable to straight and curved 
paths, directions? at * an angle, chanpes^in position, and 

* , determinations ol linear and angular speeds 
* 7 Gmmuwituiijig Development of this process begins v\ ith bar 
graph descriptions ol simple phenomena and proceeds through 
descriptions of a vanetv ol physical objects and svstems, and 
changes in them, to construction ol .graphs and diagrams lor 
results observed in experiments- 
8 PrtJutmg lo teach the process ol prediction, the developmental 
sequence progresses from interpolation and extrapolation m 
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^ * graph ica IK presented Jata to the lormulatioh ot met hud s lor 

testing predictions ~~ * * , 

iiptratumalK Beginning with' the distinction htrtween 
definitions . that are operational and those that are not, this 
developmental sequence proceeds to the point where students 
construct operational definitions, to problems that are new to 
them • ' \ 

10 f ormulating InrvtiuMs -At the start ot this sequence, the student 
a f distinguishes hvpotheses trorh inferences*, observations, vind 

^ ^predictions Development is continued to 'the stage ot ebn 

structing Hvpotheses anil demonstrating tests ot hvpotheses 

11 iHttTprtting Jala 1 his process is introduced with descriptions ot 
graphic data and inferences based upon them I lie student then 
progresses sequential lv through the following activities con- 
structing "equations Do represent data.' relating data to state"- 

* . \ , - /rnents of hvpotheses, and making generalizations supported bv 
experimental findings ^ 

12 Controlling larublcs I he developmental sequence tor this process 
, begins w-ith the identification of manipulated and responding 

variables ( independent and dependent vanaHjirs respectivelv ) in 
+ a description or demonstration of an experiment* Development 

<. * proceeds to the level at which the studeni, being given a 

v problem, inference, or hypothesis*, actual lv conducts an experi- 

ment, identifies the variables, and describes hovv' the variables 
are controlled * • * , \ • * 

I V ttpen minting I^fTs* ls the capstone of the integrated processes It 
^ * is developed through a continuation ot the sequence ot processes 

needed to control variables This process includes interpreting 
t accounts ot scientific experiments, as w ell as stating problems, 
' constructing hypotheses, and conducting experimental" proce- 

dures ' . 1 ■ • v 

•'It is assumed that there \is progressive intellectual development 
..within e*aeh process category As' this development proceeds, it becomes 
increasing!) interrelated to the corresponding development »ot other 
processes Inferring, for example, requires prior development ot observing,, 
classifying, and measuring skills *The interrelated nature ot the development 
is explicitly recognized m^tlje kinds of activities underjaken m grades 4 
^ through w 6 t sometimes referred to as inUgrakX proassts, these include con 
V yolling variables, defining^ operational!) , formulating hvpotheses, interpret^ 
ing data, and, as an ultimate form of .such integration, experimenting 



So much tor the rcal litc science illustration I ct us now examine 
hov\^ these processes and other elements form the mquir\ attributes ot 
science ^ - 

1 The Characteristics of Inquiry! 

Science teaching aptfiriqum tend to be s\non\yious beha\ lors I o* 
toster the art of inqinn , teachers of science tend to*pR*\ ide urv little actual 
information, but rather, then become the viskers ot questions y 

Guided Inquiry. I he easiest vCa\ to introduce arw elements ot 
'guided inquin is through the use of Actual experiences Before beginning the 
lesson, arrange all ot the necessan materials so^hat students arc all gi\en 
materials with which to have similar experiences When using guided 
inductive inquirv, do not expect the students to arrive at meamngtul ' 
'generation ions unless the learning activities, classroom recitations or* 
dfscussions\ materials, an^l-visual aids are all jrav<ulabk 'to die learners , 
Perhaps thesA initial Experiences .could be carned«out tfli^u&h some small 

, groups, such is task groups t 

In conducting a lesson, male extensi\e use ot question asking skills 
Ask the* students to comment about % what* thy v actual I \ obscr\c As f*he\ 
prbv ijJe responses, be certain to distinguish caretullv -between statements 
'^based on observations and those based o,n inferences, vshen An inference u 

v stated, simply ask,' "Is that an inference or an observation'' loget students 

f in the habit o(* being ^stematte, and this applies to all grade levels, ask eacfi 
one to write the observation and beside it the inferences I his method also 
aids voir in checking the observations. that arc the bales tor an\ inferences V 
Qf course, the latter technique cannot be used in kindergarten, grade I , or 
e\en,grad# 2 In those case^ vou can do the w rltmg — *or create a pictorial 
display ot student observations and inferences Ot course, prior lessons w ith 
appropriate. aetiv ities would have established the processes oK>bscrv mg 
and inferring \ 

* m fvJote hoVv -the 1 } processes previously examined ar^n^egrat^d^As 
the class progresses^ preftare a simple poster or use the chalkboards list the 

^actual observations and the accompany ing^inferenees hach process i^ siowlv 
and carefully built with manV examples. draw n from aetjual experiences 

^Patterns that the ' students*- observe are- stated bv^them as 
generalizations that applv whenever the pattern us repeated 1 hus* the 
process of inductive reasoning is "gradually developed I r\ to conduct 
guided inductive inquirv exerefses whenever any occasion arises L'se simple 
experiences "What could cause this type of track in the"snow^" and 
"Where hav<* we*seen this before' v and "It we had to general [zi about* the 



'sizes of these leaved, what ooe sentence could ^e nuke'" are the kinds of 
questions that require trie learner to do the generalizing In this manner vou 
will seldom state the original generalization You will, of course, be the one 
who 'plans for them ' < 
Inferences. An inference is an interpretation or evaluation that 
results from making observations of objects* or events W hen \ou assemble a 
series of objects and ask the students to make* generalizations about them, 
thev will probablv provide inferences However, an inference ^s different 
from a generalization in that a generalization explains or summarizes some 
ifnjwUe element 

For example, if you give students a big box of buttons and ask them 
to arrange the buttons according to some classification scheme, thev will 
arrive at several different classes of buttons TKev will also observe some 
trait that ts general to 4 all buttons in the group — three holes, shanks, 
shank less, round, square If vou ask for possible uses of the different buttons, 
vou then approach the inference-building stage The students begin to 
speculate abour uses But >ou ask other question*), such as "How could we 
find out ? " or "is that button big enough for an overcoat'' Bv asking vour 
students to provide evidence or examples of how to test their ideas, vou 
will help them reach the inference-building stage 

The Time involved. When you initially utilize any type of inquiry 
activitv in -your elates, you must plan to spend at least two or three tMies 
the amount of time on each lesson as you might normallv expect to Any 
inquirv activity takes n^S^^ime to plan, initiate, and complete I his time is 
spent on in depth analvseS of the contented on completion of activities bv 
the students Further, "he use of inquiry methods requires greater interaction 
between the learner and the materials, there is greater interaction between 
you and the students also Then, too, there is a bit of risk involved for the 
students. This is one of thcft£ j -ume»-when the textbook does not list all the 
ideas and then prepare a "handN**dandy " summary statement You will find 
that most children and adults approach inquiry activities with a bit of 
caution — if not apprehension But as the inductive inquirv activities 
become a par r t of the ongoing procedures of the class, learner apprehension 
diminishes 

Another caveat is required When you use any inquiry method, vou 
will not "cover" the same amount of material that you do in expository 
teaching Why ? Well, you are using more time to develop thinking processes 
and are reducing the time spent on memorization of fact or content Now 
this is vour decision to make You can't simultaneous!) maximize thinking 
skills and content coverage If you desire to build the so called \ug\nr onkr 
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thinking skilly then \ou must reduce sonic ul the umuui and substitute po^s^s 
tor it RcalK, though, vou arc not sacrificing anv thing \ ou arc providing 
important instruction and experiences that art a .part ol the Unit turn ot 
understanding the structure [ cpistcmologv j ot science \<m set that priori^ 

Incorporating Inquiry. In thf> earlv grades or when conducting 
initial experiences, the final generalizations mnc(n unol\c an oral summarv 
or a review about the concepts, a listing ot the iclcas being presented, and, 
finalb the learners' ov\ n ideas as to what constitutes a meaningful 
generalization \s the* learners provTcle such input vou would use the 
questioning techniques ot review mg and promoting 

\ our class members ean test generalizations In appUmg each 
statement to ditterent times, places, or situations, or to other objects or 
events \ major limitation on tf?is testing wilt be the backgrounds and 
experrences of the learners 

\nother technique that mav be used with guided inductive mqwirv 
is -to record a series ot events on cards or some other manipulative medium 
I he latter coijld be a partial !\ completed series or a constructed set ot 
apparatus I hen a'sk 'the learners to place the events in the proper' 
^sequence — without 'anv reterenee to being right or wrong 1 his activitv 
could lead to a reading assignment # When the Sequence got cvuits is 
completed, ask the students to observe the pattern ot events and to state the 
pattern in just one. sentence 1 he latter would be the generalization Other 
students could be asked to test the generalization h^cxammin^ U tor 
exceptions 

1 he above are tested techniques that help students to think 
induetivclv , to inter generalizations As .vou use a v arietv ol experiences vou 
will soon observe that the local point j>t the mquirv session becomes a 
common experience tor the entire class I hesc models are adaptable tu all 
levels at instruction I he students' etficienev will improve with practice — 
and so will the teacher's 

Guided mquirv has at least the tollowmg characteristics 
I*' I he learners progress trom spccitic observations to inferences or 
generalization 

2 I he objective is to learn ( reinforce") processes or to .examine 
events or objects, and then arrive at appropriate generalizations 

I As teacher, vou control the elements — events, data, materials 
or objects — and, as such, act as the class leader 

4 I he students interact* with the stutt ot the lesson — events data 
materials, or objects — and attempt to structure a meaningful 
pattern based on the observations made bv each individual 



12 , 



. ' • 5 The classroom is, in a greater sense, to be considered a Laming 
laboratory ' t 

6 Hhere is utuullv a fixed number of generalizations that will be 

excited trom the learners 
'7 You encourage each student to communicate generalizations to 
the class so that others ma\ benefit from unique perceptions 
* 8, Spontaneous responses that border on the creative or novel will 
.usualK be suggested b\ th# students In such cases vou should 
encourage? even lurcher .novel responses 

I he eighth characteristic needs sortie. elaboration f ven though vou 
might desire Xv provide experiences that have a fixed number of possible 
responses,^ there is alvvavs room for the open ended inquiry \ietivitv 
Teachers have long used the technique of asking students to "I 1st as manv 
ideas as vou can tor " When both you and the class reach this point, 
You'll be sharing in the real stuff of science — discoverv 

Diseoverv behaviors may take at least three forms In the elementary 
school classroom ( 1 ) the student has tor the very first trme determined 
something that is unique, to her or him, (2) the student has added something 
to a discussion about a problem that vou had not previouslv known, t I J the 
studenr has svnthesized some information in such a manner as to provide 
others with a unique interpretation — i e , demonstrated creatfvitA 
Student' cfiseovenes make/school a fun place in which to work 

Questioning and Inquiry 

'Because questioning, as the most critical aspect of the concept of 
inquirv, stresses the swrJi the imWi^atuw. to accomplish these concepts, vou 
become a ^lustum askcr, not a ^Wtstum uhmu r t r Ieaehers wjio are masters of 
guided inductive inquiry vvilf tell you that thev spend their time interacting 
with the students, but provide very few answers 

What Kinds of Questions Should a Teacher Use? Ihrough 
extensive experience, several "stems" or lead in questions have been 
categorized » for those of vou who want to bring about a more inquiry 
oneflted class env tronment Of course, w hat makes these^stems so interesting 
is that vyhile they are specially designed for use in science, thev are 
applicable to social studies, language arts, or mathematics classes — to an\ 
class in which you want to stress the'pfocess of inqmrv 

When vou are conducting an experiment, collecting data, examining 
cause and effect relationships, or analyzing events, the following set of. 
question stems is the most appropriate by which to challenge the student to 
think 
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What is happening? ✓ 
What has happened^ 
What do you thinkf will happen now? 
How did this happen? 
Why did this happen* 
WhaTcaused this to happen? 
J* What took place before this happened? 1 

Where have you seen something like this happen? % 

How could we make this happen? 

How does this compare to what we saw (or did )' , 

How can we do this more easiK? 

How can vou do. this more quicklv? 

Note that the above examples, are oriented to Jynamu situations 1 hese 
stems are probablv best, classified as prompting questions 

« When you are examining rather static living or nonliving objects, 
then the stems below would be most useful ' ' 

What kind of object is it? 
What is it called? 
Where is it found? 
^What does it look like? 
Have vou ever seen anv thing like it'*Where? When? 
How is it like other things? 

How, can vou recognize or identify it? * "* - 4 
^How did it g£t its name? v 
What can you do with it? 
What is it made of? 

hjow was it made? i 

What is its purpose? 

How does it work or operate?* 

What other names does it have? 

How is it different from other things? 

These "prompts" help the students to understand better all kinds of 
interrelationships — one of the desired goals in inquirv UaJimg per se 

_It is essential to keep reinforcing inquirv presses whenever 
possible, bv simply asking, "What do we observe here?" or by stating, 
"Tell me about it'" It can be that easv In fact, the two sets of stem 
questions given above might even be tvped<on a small card and used as a 
"prompter " (In Chapter 3, the skills of questioning will be developed in 
greater detail*) • 



j Guided mqutrv is an essential step toward developing more 
independent learning The technique is dependent^ on cllcctivc teacher 
questioning procedures I he. main point is jhat u>u constant l\ remind 
vourself I ask fhe question,- the pupils*do the thinking and responding 

Using Small Groups 

Small'group learning units are most appropriate lor clcmcntarv 
school science to increase teacher-student and student-student verbal 
interactions in the classroom Kirther, b\ using small "groups, vou add 
flexibilitv to \our instruction teachers who use small groups report that 
this technique helps 'stgdents reflect a more responsible and independent 
mode of learning Iuls important to note, however, that vUj must lelcntih 
and sequence a systematic and planned set ot procedures, experiences, and 
^objectives During the actual lesson, students become active participants m 
the class activities, but in groups ot two, tour, or sin 

How do, $ou start? lo initiate small groups or discussion groups 
requires that vou simpK restructure the manner, b\ which individualized 
\>ork takes place Because most modern elementarv school science programs 
have-an activitv orientation, vou can begin bv selecting an acti\it\ and then 
organizing a division of efforts among the^llass members t aeh group 
member then has some specific task to accomplish — eg, pick up and return 
the science materials, make a table to, record data, set up the apparatus, 
conduct one aspect ot the, activitv 

When- - learning activities result in more divergent tvpes ot - 
experiences, it is more appropriate to have groups ot tour accomplish sonjc^ 
assigned science objective Collecting data or preparing lustogranisor tables^ 
can be difficult tasks for some students Bv using a small group approach vou' 
can help selected students become more competent in cognitive, attective, or 
psychomotor skills * 

leachers have collectively identified at least 1.2 goals or purposes 
for using small group or discussion techniques in teachjtfig clcmcntarv school 
science 

1 Interest can be aroused at the beginning of a new science topic or 
the closing of one 

2 Small groups tan identify problems or other issues to be studied, 
or they can suggest alternatives for pursuing a topic under 
consideration 

3 A small group can explore new ideas or ways to solve problems, 
covering either the entire problem-solving c)cle or just one 
phase 
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4 Discussions provide an opportunity to evaluate data, intereiiLCS, 
sources of * information, and methods by"\vhieh the data arc- 
gen crated 

5 Small grgups allow students to demonstrate indiv idual strengths 

6 Students often learn taster and better trom each other 

7 Students are provided an opportunity to use the vocabularv ot 
science in an appropriate context 

8 Cooperative work skills can be developed through practice in 
small 'group discussions 

9 ' Skills in leadership, organization, 'interaction,/ research and 

initiative can be learned and improved through discussion 
techniques - » t 

10 Ideas become moje meaningful and personal it a student 
experiences them " loo, flexibility in understanding other 
viewpoints may be improved 

11 Discussion cap provide the students (and you) with oppor- 
tunities for learning to accept and value other ethnic and or 
cultural backgrounds 

12 In a small group or discussion situation everyone can participate 
and feel good about tha^t contribution 

Alter reflecting on these l-^ossible outcomes trom the use ot small 
groups or discussions, ask yourself this question "How manv tuples in my 
current science program lend themselves to a discussion, based on those 12 
potentials^" If you are uncertain, examine your. science program or textbook 
Undoubtedly you will identify several topics that can be easily incorporated 
into a series of smalbgroup discussions Remember^ A discussion is used to 
accomplish an objective — either process or content * ■ 

* Now ask yourself "What kinds of sharing experiences do 1 want tor 
my students^ You probably responded to this question by focusing on 
sharing different cultural experiences You may have thought about the need 
for students to display and share their unique talents No doubt you thod^ht 
of the disadvantaged ancl handicapped students, and ot their need to be in a 
supportive and sharing environment " . • * 

^ Ilie two preceding questions are important because you nuv be 
teaching in ma ins t reamed classes Also you may teach git ted and talented 
groups And, of course, you will be faced w ith* the challenge of prov iding a 
nonsexist, multiLulturallv oriented education tor all your students Bv using 
small group discussions you will help your students to meet the iJiallcnge of 
growing up in what may be culturally, ethnically, physicallv, and emu 
tionally different environs — the public school 



CHAPTER 2 

MANAGING MATERIALS AND 
■~ ORGANIZING FOR INQUIRY 

* — 



It has been mv personal experience in working with \ irtualK 
hundreds of elementan school teacjiers and administrators that their greatest 
problem is the preparing. -organizing, distributing, and \ollceting of 
materials needed tor an\ activitv oriented science program h\cn it the 
program that yqu use has a "kit," nian\ tasksmust be accomplished befurc it 
can ,be used b\ the students Here are a few tested "tips of the profession" 
from teachers who have eliminated this anxietv 

x Using the Class Members as Helpers ^ 

I he critical element in materials management is to involve one 
student or a small group of students' in everv management acti\it\ In one 
sense, this means making ever\ science period similar to a birthdav partv, 
including the packages The onlv difference between a partv and science is 
that in vour classroom, the packages w ill be those essential components from 
the science kit or, it vou do not have an organized kit, the, materials from the 
s'cTence center (If vou have no center, we will cover that problem, too j 

Recall from the previous chapter how vou can easilv establish small 
groups* Well, vou accomplish that exact task as an initial experience \\ hen 
beginning to teach science Identify several groups ot fpur Allow each group 
to select a group name — Vikings, Sea haw ks^, Gophers, Stars — and then 
place each team name On a small vvheel Along the outside ot a larger wheel 
w rite a series of activities that must be accomplished I hen each time vou 
teach science, move the wheel one "notch" so that all Students participate in 
the materials- management aspects of the science* program F igure I illus 
t rates such a device 

But, back to the first science lesson, assuming that a kit is 'in use 
Assign some seat work to the class and then gather your first group together 
to Spen the boxes in which the science materials are packed I have watched 
students from 5 to 14 years of age become very emotionally involved in this 
activity as everv package is a mystery . . ' ■ 

s 4 You give some general directions, 3tich as "Joan and Suzie, feke the 
big box down to the custodian for storage " In this manner, the packing 
crate or box* is disposed of in a proper manner Then give the remainder ot 
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Figure 1 Science Classroom Task Organizer 

the students specific instructions on how to inventor) the items ou will 
find triat each kit comes with some type of inventory checklist Bv cheeking 
what ls available immediately upon unpacking, vou wili^know what* 
materials need to be requisitioned from the office or delivered from the 
school district's central storage facility 

Make yourself familiar with the organization of the kit If a "map 
of the kit is neither included in the kit nor available through >our central 
offae curriculum staff or science consultant, ha\e vour students draw one for 
vour^use the map should identify the trays, and drawers, as well as the 
contents of each 

[f your science program does not have a kit, then you and your 
students must become "explorers" in order to assemble the necessary 
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equipment and supplies ["he easiest \\a\ to handle the problem is to reter to 
the teacher's or student's, guide Make, a list ot. the needed materials or 
equipment, locate t^cm, give the list to a small group ot students and svnd 
them ott to the storeroom or to \\ here\ er such materials art kept 

One \va\ that vou can collect materials bevond wlm must he 
provided b\ the school district to implement the seienee program is to send^ 
houie a "scavenger hunt" announcement 1 ist all the inexpensive items ol 
equipment or supplies that people tend to ha\e around their house or 
apartment Again the cla.ss will be the ke\ to the sueeess of the scavenger 
hunt* Schools that sponsor scavenger hunts otten receive more materials than 
the\ can possiblv use and can then shafe their good fortune with schools 
« feeding similar items 

When the materials have been gathered for the lesson vou must then 
develop a svstem that the students can use to organize the materials I se 
shoe boxes, or anv similarlv sized boxes, for storage Label cachjx>x"as to its 
contents and, most importantlv , me concept \tjs being used to teach \lso 
identifv the^ext or pr6gram used, the related page numbers, or the aetivitv 
tor future reference In vour teacher's edition of the science program write 
down what materials uhj have, where thev are stored, the quantities vou 
have of each item, and the success vou had with the aetivitv 1 he fatter 
information w ill prove helpful the'next vear that vou teach the aetivitv 

Of course, the students compile the inventories tor the boxes 1 his 
little task teaches responsibihtv , a mb.st important facet ot Jite It is 
important to identifv anv rrutcnals that have been expended *and need to l$i 
reordered What are some easv wavs of doing that' A simple wav of 
maintaining a continuous inventorv is to have the students identifv all the 
parts ot each kit on library cards Color one side ot each card red Cilue a 
lnVarv card pocket on the kit W'hen anv one has used the kit, the red side ot 
the card is placed outward in the pocket to alert the next person that the-kit 
*has been used Of course, this does>f*H help to keep the kit "replenished, but 
this sv?tem does alert the nex't student to check the kit before using it 

The above idea can be extended bv placing two dittercntlv colored 
cards in two card pockets on the kit Irt one pocket place an inventorv list, 
the date when it was last checked, and the name of the person who clicked 
it I his fist would include all permanent items — eg, thermometers, 
containers, and balances On the second card placed in a separate pocket list 
the expendable items" — eg, spirrt masters, handouts, charts, cotton, 
alcohol, and seeds When some item is used, immediatelv ' order a 
. repfacement, notirig on the card when it was ordered 1 rv to keervthe 
science kits restocked at all times It takes verv little time atter an activm is 
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completed \to inventory, r^st^ck- o» reorder, but^^n^ai^^at vvfcen^ou 
want to teach science, you will not be thvvartetJip^rtW 

nnt in nLiri* or havr nnt k^-n n-nLiml ' *• ** ' 



not in place or have not, been replaced --^^l^a ^ 

There^are probably other methods -that vou^fe 
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used bv your colleagues Incorporate tbe»c 'rdeas iHTO^voiy "iS tj^j ff^ 
management s\stems The anxiety pt not having the rna^ria^.^^en 
want them can be totally eliminated if there is u^rdinalioi^ir^ng'jth^.j^S 
members of a schm)l and, if the students are given responsibility kjfttjjjpfeii 
tasks •* '| 

Preparing for a Science Lesson * 4 .j 

*A not her major c^use of teacher distress is the extra prcptiy^n lor 1 "^ 
science classes Actually, preparing to teach a lesson is simp U &tf *he 
"occupational hazards" M the profession Every iJJutUi teacher j^ep^re^lor *. 
-each lesson in every subject of discipline hor the elementary school teacher 
this ma\ mean (rum 10 to 12 different preparations each da\ I htf number 
rnav var\ among individuals, but the magnitude is there, each planning and 
preparing step must' be careful k accomplished so that \our tunc is used most 
-ethcientlv * © * 

jlo conduct a science lesson you will, of course, have to rea'U the J 
teacher's manual arid the student guide to understand the Icarnmg.otyc^tncs 
and the "activities to be utilized You do that with most tit \ our ies^ns 
initially, so nothing new is added to your worktlav t h y 

Now, here is a useful tip' Why don't you and^one or tv^p>ol your * 
colleagues get together for lunch and chat about the science program' Why 
don't vou suggest that they form a "science teaching cooperative" lor the 
"purpose of helping each other x witji the science lessons' Such an endeavor 
works best where there aje tv<o or more teachers assigned to teach the same 
grade level in the same building If this is not the ease, then coordinated ith 
the teacher of the next grade to torm a two grade-level science co bp Tt 
your classrooms have "open space" designs, this type ol co op'vv ill be easv 

to implement ■ ^ 

The basic idea is jo learn and teach only half ot'the total science - 
program H vour coup is muitigrade level, then vou will have t|) learn a 
second component You and vour partner(s) yv 1 1 1 Jha\ c to make the decision 
If vou make the^decision to team, then each of vou takes responsibility to 
instruct al/ernating science ' lessons With one person acting as the 
"teacher," while the other acts as the "assistant," vou double, the available* ( 
adult help * ' , 

Whether vou teach science alorfe or as part ol a team, the following* 
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suggestions applv Since most science programs provide a teacher's guide, 
spe^cWead-it as the fust step in^he overall process ot lesson preparation 
And be*cdi£e mast ot you use planbooks ot some tvpe, m\ suggestion is to* " 
coordinate N the planbook, teacher v guide, student, activities, lesson 
dbjectnes^hd evaluation procedures into one total instructional plan Make 
notes in the margins of these various items. Keep notes on what work's well 
and what tends to tail "Debrief" each lesson with just a sentence or two un 
how vou felt the activity went As vou'eonduct the science. program, vou 
will be creating a w elldocumenced tile on how to do it better the next 
vear Keep alKour notes and continue to refer to themjn the future 

At the\ame time'that vou elarilv management acts, course goals, and 
specific learning objectives, vou must also identifv the student entrv levels 
What the\ have j I read) learned, the degree to which the\ have retained this 
learning, their motivations, their apparent abilities, and their social and 
cultural backgrounds art^all important clata Bv knowing several bits ot 
inform<Uti>n a-bout vour class, vou can easilv begin to ae commodate students 
with handiea[#s or learning difficulties in vbur classroom. When vou are 
aware of special student needs, vou can more effectivelv adapt the phvsical 
or instructional env ironment to parallel unique garner needs * 

It vou are using a sequential science program, then vou will have a 

* general idea of what learnings have preceded vour instruction and v^ hat w ill 
follow However, it is the students who learn, not the scope and sequenee 
charts, so vou must seek information about the kinds ot problems that vuur 

- student s/ffight encounter with the present science lesson Recall those f I 
majyr scientific protases that were discussed in Chapter I Main ot them 
are related to learning processes m mathematics, language arts, social 
studies, and reading Bv observ ing your students during those lessons, vou 
will be able to make some predictions about the ease or dittieultv that each 
one might have with the currently assigned science lesson 

It is critical that you know the relative reading difficulties ot the 
science materials and the general level ot reading achievement ot the elass 
members If a small group of'your students is below ' grade" le^T^in 
reading, vou may have to establish some tutorial grtfups Another alternative 
is to request from the science consultant materials that these ehildren can 
comprehend A third technique is to have a goodyeader prepare audio 
cassettes so that the poorer readers can listen to and thereby follow the 
written assignments 

I he majority .of activity-oriented -science programs have rather 
limited -amounts* of reading matter Such programs^tend to require each 
student to synthesize or appU the various cognitive skills that are constantly 

* 21 ' *<o. 



being built or reinforced in the\qtal school program It is doubttul^hat thev 
will have severe reading problems \vith activitv oriented science prggrams 
However,, vou v\ ill' encounter" <he problem ot 'students who have 
difficultv expressing their observ ations, computing their tinding^accuratelf, 
or preparing table's or figures that displav their findings from a selected , 
activttv Again, here is an opportunity to reinforce other'skills bv using the 
concrete aspects ol xhe activitv oriented science program [ stablish small 
groups, so tha't each group must report its general hndmgs to the class hu* 
onlv alter each group member has had the opportunit\ to preseht his or tier 
landings to the small group. Think of all the practice in self expression that 
the students get in this" marujer Rather than the usual question anyJ 
recitation "period, the science period becomes' one ot high personal 
involvement with a great deal of interaction, 

Some of the above Nps might not be totally c lass 1 tied as* "pure , 
planning " \ct, it is bv planning <ind making contingency plans that the bc<t 
teachers carrv to fruity>n their instructional goals and objectives 
* • • 

Other Coping Skills 

^Onee the* general plans have been prepared, vou learn to cope with 
the real it\ that wu trulv do not know all the posMble responses to all the 
possible quWions that will be asked 'Again, recall (^n the first chapter 
that this is oW of the "givrns" of an activitv oriented science program 
Actuallv, it is\i given in science per se I reeentlv had the fortunate 
opportunitv to work w ith a group of elementarv school-teachers through an 
in servVe project vvWh, among other activities, included presentations bv 
universitv research prMessors Each professor gave a general presentation 
abput the kinds of reseair\h activities in which she or he was engaged In 10 
separate instances, the dementarv school teachers asked these highly 
published and, in severai ilWs, "world-class-" researchers questions to 
which each and every one polWly responded, "I don't know," or, ' * I hat 
would make a great research problem/' or, "I'd never thought about that " 
Of course, the classic response to vour students <flUght to be, How 
can we fincj out'" Vou need not burckn yourself with the responsibility to 
know everv thing there is to know aboV science Shift some ot that burden 
to the class -members' If anv one of theni\has the interest vou can bet that 
♦there wifKbe an oral or -written reportV) the class that addresses the 
problem Irno one follows up on the problem^ the question, then vou need 
not worrv either, for that -is just what happens\in the real. world ot science 
Ihere are questions that go unanswered because thev are bevund our current 
knowledge base or thev are too trivial on which to expend one s energy 
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• One activity that you might consider establishing is. a list of 
"Unanswered Questions' '*dn the^bulletin board Ever) time; someone asks a 
question that is "unanswered," it is placed on the^st by the asker In this 
fashion nobody loses face, everyone is a winner As time wears on, however, 
thjere will be students who will Siscover a possible response to some ot 
these questions 

* Another coping skill is to establish a file of recurring problems or 
questions that tend tojbe raised each vear Begin that file in your lesson 
^planbook, and add to it after each science lesson, if necessary At the end ot 
the year or semester, prepare a short recapitulation of the specific problems 
Then you can seek the responses from the district's science consultant — it 
you have one — or from other professionals" • 

One major coping skill that needs to be sharpened when teach urn 
activity oriented science is the ability to accept divergent student responses 
to either questions or interpretations of data You must expect thaj in main 
science lemons, there will be a multiplicity of responses and even some- 
creative ones One goal of real science is to allow and encourage novel 
solutions and creative responses 

You must also remember vour professional obligation to accept novel 
student responses You arc not placing any va\ut on the question or the 
/response You are simply accepting the prerogative of the .student to be novel 
V>r creative You may not use subtle "purdowri" tactics, regardless ot fjpw 
seeminglv outlandish a student s point of vjcw may be or how opposite ft is 
from your expectations By allowing, nay encouraging, diverse responses, 
every member of your class can become a star for a moment I hat tiny 
accomplishment is a significant event in the school life of even student 

Several of the above topics may not seem directly related^ to 
pxepanng for science teaching Yet, keep in mind that \ou must now be 
sharpening some special skills that tire cmpluuzui when teaching science 
because science is the essence of inquiry The above ideas follow a logical 
extension of that essence In science, one prepares to be just a bit more 
novel Or, maybe, it is$|mply that you will be using manv ot the skills and 
techniques that were taught in science courses, but that went without 
notice Too, the above methods were probably discussed in teacher 
preparation classes, but at the time, they may not have seemed relevant to 
the real world Whatever the case, teaching science is just that — teaching 

Understanding More About Inquiry 

The concept of inquiry is rather difficult to define in nonoperational 
terms — \ e , without giving precise examples of teacher behaviors and the 
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concomitant student behaviors As \ou develop a spectrum ot inquirv' 
teaching options, \ou will better understand the operational meaning bv 
example Inquirv processes are those that require a high degree ot interaction 
among the learner, teacher, materials, content, and or environment Perhaps 
the most critical aspect of inquiry is that, as it is defined in the dietionarv, 
the student and teacher become - consistent askers, seekers, interrogators, 
questioner^ ponderers — ultimate!) leading to that question that e\er\ 
\ofiel Pn* vv innepasks "I wonder what would happen it 
. ' Of course, I don't expect you to Win Nobel Prizes, although >t 
would be delightful to see a few'ot v our' students do so \M\at is important 
is;th at w>u as the* classroom teacher set the stage tor the process ot-inquirv to 
take place \ou decide how much tnne'will be spent developing the main 
processes associated with inquiry Behaviors \ou decide to tr\ another \\jS„ 
to teach selected or appropnajMlnits ot instruction that lugL themselves to 
inquiry processes Yon are the one who will svstemanffulv te'aeli wur 
students how to ask questions In short, vinr jjiake the difference r 

As I mentioned previously and will amp I it \ in Chapter l t 
questioning plays ajlritical^role in both the teaching and the learning acts 
associated with the inquiry -mode of 'learning' Questions lead to 
investigations that attempt to Solve a.*v\ell defined aspect of the problem 
^iuch investigations are common \o uIJ 'areas of human endeavor I he 
investigative' 'processes of inquiry lnvbKe . the^students^not onlv in 
questioning, but also in formulating the qt^iyn. limiting it, deciding on 
the best methods by which to proceed and then vonclucting the studv 

l,est vou be a bit dubious about r^s technique, tat me assure sou 
that inquiry techniques pjov idey6uXvith' additional options that ean expancr 
four own teaching styles — ?not£ my use of the 'plural, "sivltV 

Inquiry really i^n^old techmque 'of. teachers Socrates, Arisjtftle, 
and Plato were all masiejVof the invevstigafive processes *Qne coukf argue 
that the processes that they used have since affected the way most humans in 
Western crvilization think That heritage has given us a mode of teaching in 
which students are vitally involved in the learning and creating processes. It* 
is through inquiry that new knowledge is discovered Jt is by actuallv' 
becoming involved in these processes that students become historians, 
scientists, researchers, etc — ev en if for only an hour or two in vour class 

Using-Unguided Inqutfy 

In -the preyious chapter, about guided inquiry, vou nottsd that the 
teacher plays the kev role in asking the questions, prompting die responses, 
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structuring the materials and su T ft Uiuiaw nd, in general, being the major 
leader of the learnings Quided inquiry ^s an excellent method bv which to 
begin the gradual^shift from expositor) or deductive teaching toward 
teaching that is less structured and more opeii to alternative solutions When 
you sense that the class has mastered the techniques of guided inquirv , then 
you ought to introduce situations that are still' predicated ori inductive logic 
but are more open-ended. In these situations the 'students take more 
responsibility for examining the data, objects, or events 

The basic processes of observation, inference, classification, ' 
communication, prediction, interpretation, formulation ot hvpotheses, and 
experimentation are all a part of unguidd inquir) Your role is minimized, 
which causes a concomitant increase in the students' activity Let,us brietl) 
summarize the major elements of unguided inductive inquiry 

d 1 Thp, thou|ht processes assume that the learners will progress 
from specific observations to. inferences or generalizations „ 
2 The objective is to learn (reinforce) processes of examining 
events, objects, or data, and then arrive at appropriate sets of 
generalizations • * 

' 3 You' control only the materials and simply pose a„ question 
"What can you generalize from or, "Tell me everything 

that, you can about X after examining these 
a 4 The,students interact with the stuff of the lesson and ask all ot 
^ the questions that come to mind without further teacher 
guidance. Meaningful patterns are generated by the students 
I through individual observations and inferences generated by all 

* "members of the class 

5 Matenars^are essential to making the classroom a laboratory 

6 There is Usually an unlimited number of generalizations tjiat the , 
learners will generate. 

1. You encourage .a sharing of the inferences so that^ all students 

S communicate their generalizations with the class Ihus, others • 

may benefit from unique perceptions 

v 

Unguided inquiry provides a mechanism for greater learner 
creativity Further, the learners begin to approach" a genuinely authentic 
"discovery" episode — i.e., the learner finds out something by himself or 
. herself and comes to know that facet. 
• 1 " When you utilize unguided inquiry episodes, a new set of teacher 
behaviors must appear You must now begin to act as the classroom dar\\\tr 
As students begin to make their generalizations, they will predictably make 
gross errors in logic,, state their generalizations too broadly, infer too 
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much from the data, assign single cause and effect relationships where there 
are, multiple relationships, and assign cause and effect relationships' v\ here 
none exists 

Thus, you must patiently examine the learner in a nomlirutcnmg 
manner to verify the conclusion or generalization If errors exist in the 
student's logic or inferences, point these out But you should not tell the 
student what the correct inference is, for this would defeat the purpose ot 
any inquiry episode Your job then is to ask' prompting and probing 
questions J 

1 suggest that during initial unguided experiences the students wolflT 
alone When students work alone, thev tend to do mos^r of the work 
themselves When thev work in pairs or triads, one of the group usuallv 
takes the leadership role and dominates the thinking of the group, so that 
there may be one participant and one or two observers When students*-^ 
demonstrate the aptitude to use the method successfull) in an unguided 
fashion, then small groups can be assigned to work together 

Some Unguided Inquiry Suggestions, What are some tested ideas * 
that can be usecj as prototypes as you seek appropriate learning experiences 
to incorporate into an ongoing lesson^ Below are but a few activities 

' 1 Collect several dandelion flowering heads_ Count the number ot 
parachute seeds on each Make a graph ot'tte^results for each , 
flower * 

2 Measure the height of some local weed as it grow s in the shade 
and as it grows in the sunlight, and compare those findings 

3 Count the number of leaves on the limb of a small tree 

4 Count the number of vehicles that pass a specific point during a 
given hour Then recount the number of vehicles that have only 
one person — the driver Then count the number of vehicles by 
types — large cars,-«nall cars, trucks 

5 'Tabulate the highest and lowest temperature readings for several 
cities for a month* or even a year * 

»6 Count the number of persons who pass 'a given point in the 
^ %school lunch line 

7 Tabulate tha/exact number of minutes that commercials appear 
• on giw:n television shows 

8 Count the number of w indows tr/at can be seen in all the houses 
on one block 

^Tabulate the number of clearsky days your town has Share this 
information with some school in another city in a different part 
^ of thi country 
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Quite obviously, there are any number of tasks that your students 
will think of when usingjjnguided mquir) It matters little iLthe activities 
differ from those listed in the science textbook or program that you are 
using. The important aspect is that the students are identifying arid 
classifying all kinds of objects, facts, and observations We want them to, 
practice, practice, and practice the processes of inquiry in all phases of their 
school life The creativity ana spontaneity of your students are the only 
limiting factors By locating materials from vour geographic area, vou can 
build a file of appropriate objects, events^or artifacts that can be used to 
supplement the usual classrram^nst ruction' 

Again, a word of caution A teacher does not simply jump into 
inquiry You plan for experiences that are meaningful and relevant and that 
strengthen inquiry skills in general 

Ultimately your students will begin to make different generaliza- 
tions and conclusions One of the generalizations that will quickU emerge as 
you use unguided inquiry is that there is no one wa) to classif) or analyze 
anything Your students will arrr^e^at usable schemes that vou might not 
have thought existed 

These exercises can lead to some elements of evaluation Evaluation 
is conducted via explicitly stated criteria But how do we classify or 
evaluate the criteria? Utility has to be one condition There are b others, but 
allow the students to determine them ! 

Problem Solving as Inquiry p , , . 

A curricular model that could have had even greater impact on the 
schools .was advocated by none .other than John Dewe> Arnong his major 
educational contributions was the advocacy of a curriculum based on problems 
He defined a problem as anything that gives rise to doubt and uncertainty 
This theory should not be confused with the so-called "needs" or "interest" 
theories or curriculum. Dewey did actually have a rather careful and definite 
k idea of the types of problems suitable for inclusion in the curriculum The 
problems that Dewey promoted had to meet two rigorous criteria 

1 . The problems to be studied had to be significant arid importanr 
to the^tulture. ■ 

2. The problems had to be important and relevant to the student 

" It is apparent that recent curriculum projects in science, ma the"' 
-matics, and social studies all tend to be based somewhat on Dewey's 
^problem-solving approach. Most modern curnculums and even a latge 
majority of textbooks suggest problems that must be solved by students 
utilizing the so-called "scientific methods." Most of the curnculums that 
( * ^ -__» 
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you may encounter will stress elements ot inquiry, discovery, and other 
relationships from the structure of the respective disciplines^ 

When using problem solving with learners, you mist consistent) 
pia\ the "great clanher" role, always helping the learners to dehne" 
precisely what it is that is being studied or. solved Problem solv ing 
methodologies focus on the students' problems that are being investigated in 
some systematic manner The students set up the problem, clarity the issues, 
propose ways of obtaining the needed information or data to help reconcile 
the problem, collect the data, formulate conclusions based on the data, and 
then test or evaluate the conclusions In most cases the learners w ill establish 
written hypotheses 'for testing 

Another problem-solving approach utilizes films, or loop hims 
Atter the film is viewed, ask the class for suggestions about what has 
transpired If the class did not perceive any problem, either reshow the him 
or ask some probing questions concerning the illustrated ev^nt leathers 
who have used films in this manner have had almost no problems in getting 
the students to respond and prepare their own questions 

With any imagination, teachers at any level can identity films trorn 
social studies, literature, reading, art, science, of almost any course that have 
an element of the unknown associated with them and^ convert that 
experience into a.problenrsolv ing activity Once the problem has Been 
established, the students construct reasonable hvpotheses that explain the 
event Usually students hypothesize simply by guessing But guessing is not 
enough Once a hypothesis has been presented, it is -the students' 
responsibility to gather data to support or refute that hy pothesis — just like- 
real scientists do v 

The Learning Environment. You will provide ?ome information to 
help the students solve the problems, while simultaneously eneouraging 
them to seek data wi'thout your help. Further, the classroom must eon tain 
, - the necessary materials by which the learners can test all the hy potheses 
„ through planned experiments Even though there will be a "three ring 
' circW' appearance in the classroom, it rtfust be stated emphatically that the 
activit^T^mcamn^fuI, relevant, and purposeful Seifxonfidence, initiative, and 
responsibility are fostered in such an environment 

9 

Evaluating Student Efforts 

s Stimulating students to use inquiry techniques will be little or no 
problem The problem that teachers face is how to "evaluate" the efforts 
With the current rage about accountability, it would seem that test scores are 
" the only things that- count anymore Yet the 'really important results of 
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schooling are those that take vears to learn and measure — good attitudes, 
citizenship,' ethics, a sense, of moral obligation to humankind, care of 
property, recognition of the rights of others to list but a few But such 
philosophizing will not help vou convince parents or school trustees that 
their children are learning something worthwhile in science lo aid, there 
are a few extensions that might be applied to the traditional report card 
However, in science the report Lard extension would stress the processes, 
with just a mere passing over ot the content 

I am \er\ cognizant that mam ot the criteria that will be listed 
require a great deal ot subjective judgment on the part ot the teacher But 
bt;ing subjective is not to be confused with being arbitrarv SubjeUivitv is 
that element of judging that requires a knowledge ot the criteria and a 
comparison of the individual's performance judged bv those criteria Ihink 
for a moment about the judging of a track meet w here the criteria are clearlv 
defined for the sprints Now compare these criteria to those vf gvmnastics or 
diving In the latter areas the criteria are known, but subjectively applied 
This analogy applies to the judging of inquiry in the classroom 

. Figure 2 presents one of many possible sets ot criteria You must 
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Cunositv — awareness of environment, questioning attitude 










Initiative — abilitv to work independently without 
direct guidance K 










Willingness to risk failure to trv a novel idea 










Sense of responsibility to the group 










Powers of observation 










Organization and purpose in attacking a pfoblem 
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Care^and use of equipment 










Recordkeeping — completeness and form 










Communication — relevancv of message 










Ability to'classify information 










Ability to formulate generalizations * 











* The attitudes and behaviors listed are evaluated on a 1-5 scale." with 1 indicating 'Not 
Usually Observed," and 5-, "Alwavs Observed " Criteria that will be evaluated are those 
having special relevance to the current science objectives and program 



Figure 2 Evaluation of Pupil Progress in Science 



select the criteria that you think arJfppropruite to vour science classes and 
then apply them to each. student Over a period of months, you'll observe a 
definite pattern of science process behavior that indicates the relative 
zrowth from using inquiry 

In Conclusion 

C^uite obvious l\ . there" are man\ other evaluation models that could 
be illustrated It is rrU intent to show simpU ,that evaluation of science 
processes requires measures somewhat different from the traditional 
measures ot cognitive abilities' Teachers do ha\ e, anxieties about evaluating 
students in their classes when the\ must, u^e "processes " 1 he previous 
discussion might ha\e given \ou a few pointers from which to proceed I 
/ would also suggest that vou convene an ad hoc committee to stud\ the 
general problem of science v evaluation and that vou and \our iolleagues 
prepare sets of materials for \our school district that would be apropos to 
the science program being used After all, the essence of science is 
imokement What better way to lose m fear of , science than by getting 
involved in it 
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The single most common teaching method employed in the schools of 
America and, for that matter, the world seems to be that of asking questions It 
may have formally started with Socrates, but the practice still remains first 
on the list of teaching strategies of all scientists — and science teachers. 
Therefore, it is important for you to master the logic and application of 
questioning as you develop your capacity as a highly competent science 
educator 

Formulating Meaningful Questions 

If you are to teach logically, then70u must be cognitively aware of 
the process of framing questions so that student thought processes can be 
guided in a most skillful and meaningful manner Implied in the abo\e is that 
you must design questions that help students a'ttain the specific goals (i e , 




performance objectives) of any particular lesson While textbook and 
examination, questions contribute, to the learning process, most questions 
that occur when teaching science are verbal and teacher formulated * 

Although questioning is an important instructional strategy, it 
appears that teachers may have mistaken the quantity of questions for 
quality Researchers have found that some teachers ask as many as 150 ^ 
questions per class hour To accomplish such a feat, most of the questions 
would*rrav e to be fact oriented (or verv low Ie*Ct) While teacher^ often 
stress that thinking is important, their questions do not reflect this 
emphasis' . " • 

♦ There are several reasons teachers support the use of so many fact 
(low level) questions. One rationale proposed by many teachers is that 
students need facts for high-order thinking -This is a cogent point, but there 
are additional ways to teach facts, such as programmed instruction Teachers 
also apparently overuse fact questions because they lack s>stematic training 
in the use of questioning strategies Studies conducted b\ myself and my 
colleagues revealed that when teachers are trained in questioning, the 
frequency with which higher-level questions are used in the classroom goes 
up significantly 

Another reason that teachers have tended fa,ask so many low-level 
.questions is 'that, until recentlv, they have lacked an easy-to-use system to 
organize and classify questions They have also lacked a means of evaluating 
the effect that different questioning techniques have on the learning process 
This is where Bloom's Taxonomy can be of use A majority of textbook 
authors use Bloom's Tatonow^ to evalute the potential for critical thinking in 
the classroom This question classification system is based on the type of 
apparent cognitive process required to answer the question Benjamin S " 
Bloom and others 2 use six cognitive categories to classify questions 
knowledge, comprehension, application, analysis, synthesis, and evaluation 
The thinking processes involved in this model progress from the simplest 
(knowledge) to the most complex (evaluation). 

Each higher cognitive process probably includes all lower cognitive 
processes For example, if,a teacher asks an evaluation question, the student 
will normally 4 use synthesis,, analysis, application, comprehension-, and 
knowledge to answer the question. Again we caution^ When building skills 
and concepts, you may have to devote large blocks of'time to knowledge or 
level-one objectives and questions. Efut we urge that you then begin to build 
upward. If teachers emphasize low-level questions when it is high-level 
questions that stimulate thinking and evaluation* thcg^we ma y ^ ave 
discovered one of the basic reasons why students find sconce boring 
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Although the evidence is somewhat inconclusive, there does appear 
to be a direct relationship between the level bf questions asked by the 
teacher and the level of student responses Further, it appears that if a 
teacher decides to raise her or his expectations for the class and sWtmatkully 
xaises her or his level of questioning, then all students raise the level of their 
responses accordingly. Of t course^his implies a careful!) planned ques 
tioning sequence that would probably span several weeks of instruction 

Tips for the Teacher 

The implications of the above for teacher decision making are many 
First, if you want your students to^develop higher levels ot thinking, to 
evaluate information, to achieve mote, and to be more interested- vou must 
learn to ask higherlevel questions Secpnd, vou must encourage vour 
students to ask more questions, and more fhuugfu-proi/okmg questions, if vou 
desire greater student involvement in the process of learning \ 

An example of o«€ form that. you can use to evaluate .questions is 
shown in Figure 3 The form as presented is rather detailed, but vou can 
abbreviate it so that it fits on a 3" X 5" card The appropriate categories 
could be summarized on the card and then tallied as thev^ire generated — in 
the classroom' Or you could tape-record a class session, and then tabulate 
the questions during a free period. After establishing a baseline rate, which 
would represent the percentages for the various categories during a specified 
science period, you could' then systematically 'devise a change strateg) to 
improve any specific cognitive-skill-questioning area 

Another important implication for those of you who desire to 
stimulate critical thinking is that you should be aware of the advantages and 
disadvantages of your science textbooks and other printed materials lo 
obtain the objective desired, you will usually. have to supplement the 
v . materials provided One trick to use to develop student comprehension is to 
ask them to make up two questions about some passage in the science text or 
about the data that they collected in some related activity 

Summary. In teaching science you will realize that high-level 
questions demand more science activities In addition, you will find vourself 
reducing the number of "right answer" questions, with a concomitant 
increase in the number of openre£ponse questions And this is just what you 
want to do' 

Applying Three Strategies 

The preceding discussion should have given you a better 
appreciation of the role that questioning plays in stimulating student 
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1 Remembering 
(Knowledge) 



SUident'njcdlls;or recital 
ideas, and 
form in which 



ojcQutfru'. 



pttn^pfe'^n.^iip^^Jj^e^^C * ►^vvkcige^./^ Refine' , \ -„ 5 ' ' 
nch they were Icaritf^;; * 'jff^r V /^D^l^^r. \"^^t- thc^jiTee * 



2 Understanding Student translates, Comprcbcn vfc, ^pl^Tns 
(Comprehension) data and princi 



6 Judging 
( Evaluation) 



ziplcs irr-her or his^wjv words .^tfflaparwooy 2* JJ4«t-c^n-ypu Conttudc- - , 
.* *** v.- illustration ' ' 3.''S?af<* ^^btff'awh ^ord^-.^ ^ 



' T.H£ vou kna\v"^*<~ fl^ow 
-^cpuld>ou"\letermine C ' 



3 Solving . Student selects;- trar^fe>i r ^^iis|;s.ikta a'n4. Solution^ "-v, 
(Application) pnncipfes~ta complete a pr&bbfto last- ;W4jh . -^pXiea^tran,^. 

a minimum o\ directions: " " * - " * *conve/genco *'2 Wkn v*oujd tappet) (f - ' ' "--= -.--r* : \". 

4 Analvzing^ 
( Analvsis 




a questiqp with an awareness of the though^'. • jfbrftwlj 
processes being used T^asoning 



and which are inferences? 



5 Creating Student originates, integrates, and combines '"" divergence,. 1 Make up „ 

(Synthesis) fJeas into a product/plan that is new productive 2 What would vou do if ^ 

thinking 



.Student appraises, assesses, or criticizes on judgment, 
the basis o f specific standards 3*id enjgna. ' selection 



For what reason 
would vou favor " ? 
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Figure Classroom Question Classification Method for Science Teaching 
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achievement msuende, as, well as of^he crucial effect thai vour questions 
have m encoaraging ragherlevel cognitiv e processes tn vour JViAsropm As'an 
operating procedure /it can be generalized that the tvpe of ques\ons >ou ask 
wfll.be vrewed.br the students as indicating the tvpes of learning^ that are 
* fmportant 7/ ' ^ 

"For -you? convenience, all science questions — whether asked bv 
..teacher or stude/iL — might be classified into three categories or patterns , 
( 1 ) convergent, (2) divergent, and (3) evaluative 

"Convergent' Questions. As the term denotes, the convergent ques- 
tioning pattern focuses on a rathe)- narrow learning objective, utilizing 
questions that elicit student responses that >,onvergt or /aiti uft some central 
theme Convergent questions for the most part elicit rather short responses 
from students — eg, "Yes" or "No" or very short statements — which 
tend to be at the knowledge or comprehension level The use of the 
convergent technique per se is not to be construed as being "bad " I here are 
manv situations in which you might desire the students to demonstrate a 
knowledge of specifics, and thus lowerTevel questioning strategies would 
be most appropriate 

For example, if you use an inductive teaching st) le (proceeding from 
a vet of specific data and aiming for student conclusions ), thai vou utilize a 
large proportion of convergent questions Too, vou mav wish to use short 
response questions as vvarnrup exercises bv which to open, close, or break 
the monotonv of the traditional classroom, perhaps using a^ "rapid-fire" 
approach This technique would be most appropriate where )ou are 
.building vocabulary skills, keep in mindlthat much of science is initially 
learning a kind of foreign language 

The use of a rapid-fire convergent technique also allows for 
participation by a very large number of students as )OU fexfus on specific 
learning . objectives, skills, terminologies, of solutions to 'easilv solved 
activities having a specific "answer." 

Below is a list of convergent questions Note that these questions all 
meet the criterion of focusing the student responses on a narrow sp%trum of 
possible options, and that responding students w ill rely on recall more than 
analysis 

1 How could heating a tin can with a little water in it and then 1 
capping it possibly cause the can to collapse? 

2 Under what condition does water expand? 

3 What effect does aqd have on blue litmus paper?* 

4 Where do'you find the tallest dandelion plants? : 

5 What are the Van Allen Belts?' - 
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Patterns fgk Divergent Thinking. Divergently oriented questions 
seek responses thatlead to a*sa of foci pr a speJrum'o'f responses Divergent 
questions also elicit longer student responses ' ^ 

When the results of experiments or science activities ar/i: being 
discussed and you want to elicit an array of student responses, divergent 
tjpes of questions are appropriate because multiple responses almost always 
occur You can capitalize on this by asking a question that can be answered 
with multiple responses, calling on three or four student* in turn, and then 
assuming a passive role in the discussion, this, as >ou know, is a rather 
sophisticated strategy And because divergent questions generate a 
multiplicity of responses, you must be prepared to accept all student 
responses, to allow or encourage novel solutions and creative responses 

One , technique that will aid you initially in framing divergent 
questions is to write the questions on paper prior to asking them In this 
manner you can examine them to ensure that they are clearly stated, and 
convey the precise meaning you intend The first time you use divergent 
questions, you may find the class experience rather difficult or even 
disappointing Because many teachers still devote the majofitv ot time to the 
o^al recitation of very low-level learnings, students ma\ not be oriented 
toward providing responses that are longer and/or that result from higher 
level tnought processes It takes a good deal of reshaping of student behavior 
patterns to^icit proper student responses through divergent questioning 
techniques Bur^lert the students that the questions will be v aried and have 4 
patience B) using 4* ver gcnt questioning you will soon discover that vour 
students are dealing in^e higher-level thinking categories of the cognitive 
taxonomy — i e , application, analysis, and synthesis. 

Science by its very epistemology — the experiment or activity 1 — 
automatically creates diverse sources of information Use those sources to 
create wider viewpoints in the class. Below are selected questions, adapted 
from the list previously presented as ^onvergent questions, that may now be 
classified a$ divergent. \ 

1 What types of structures ar\ collapsexL^yhen they^are heated 
with a little water in them an <i then Have the opening capped? 

2 What would happen if water contracted rather than expanded 
on freezing? \ 

3 How many ways could you test to determine if you-have an acid? 

4 How does{the environment affect the eatly development ot young 
seedlings?"* - \ 

5 Why wquld one want to know about the\Van Allen Belts? 

6. If we exhaust the nation's petroleum resourc.es within 10 or 20 



vears, what will be the impact on our standard ot living'' 
7 List as mjD\ alternative fuel sources as \ou can, other than 
gasoline 

The Evaluative Questioning Pattern. 1 he third bask pattern ot 
questioning is one that utilizes divergent questions, but* with oik added 
component — evaluation I he basic difference between a divergent question 
and an evaluative question is that the latter has built within it an evaluative 
or judgmental set ot criteria W hen vou ask uiiv. something is "goud" or 
bad/' vou are raising an evaluation question However, because it is 
possible that an evaluative question might elicit nothing more than a pix>r 
collection of uninformed student opinions, vou must emphasize the criteria 
bv which a student renders a judgment These criteria should concern the 
worthwhileness or thfc inappropriateness ot an object or an idea 

Vou can systpnaticall) help students in developing a logical 
framework bv which Jro establish evaluative criteria bor example, it vou ask 
a question and the student replies with "Because, '' then vou will recognize 
that the student is lacking in logical perception, ma} be dogmatic or 
arbitrary, or just does not understand how to go about framing a logical and 
consistent set of evaluative criteria Once again, we caution vou not to use 
sarcasm or an) other put down technique, the tv pica I teacher comment that 
"You* re not being logical" gives the student no basis tor improvement 
whatsoever Take a positive approach and reinforce the student bv 
providing examples that yield a logical development of evaluative criteria 
Provide a specific set of criteria or specific items so that the student 
develops his or her own specific set of criteria In this manner, a student will 
understand why value judgments and opinions are being held 

Observations tend to verify that as evaluative questions arc- 
presented and student responses elicited, the teacher and the students tend 
to want to classify the evaluative responses along some tvpe ot continuum 
rangingfrom "bad" or illogical responses to "good" or logical!) developed 
responses How do you classify evaluative responses' Bv logical 
development, internal consistency, validity , and perhaps responsibility In 
short, it is suggested that vou once again accept all student responses and 
that vou discuss apparent iQgical inconsistencies that deW^p after the 
student has had an opportunity for classroom discourse 

Follow ing are examples of evaluative questions RertiembtM* most, if 
not all, evaluative questions will be divergent, the ond criterion that 
separates divergent questions from evaluative ones i^tka^the iatter rely on 
the establishment of judgmental criteria or the judging of value of some 
idea based on other pre-established values, criteria, oj/conv entions Note 
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that some examples previously designated as divergent questions have been 
converted below into evaluative questions. 

1. Why is Newton's Third Law of Motion — "hor every action 
there is an equal and opposite reaction" — so important in our 
lives? 

2 Why is the world a better place in which to live beeausqgfot 
computers'* 

3 React to the following newspaper headline "Inventor Claims 
Perpetual Motion Machine ° 

4 How has the federal system of interstate highway* harmed or 
helped our envirpnment? V 

5 Defend the strip mining of coal in eastern Montana 

6 To what extent is the gene theory more viable than that of 
spontaneou| generation? 

Did you^ realize that in discussing > divergent 'and evaluative 
questions, I have been using the term responses, not ansum' 1 Answers carry the 
connotation of being complete or the single absolute final word I 6 he sure, 
convergent. questioning patterns ma) elicit student iM*iar> However, you 
must recognize that when divergent and evaluative questions arc framed, the 
students will be' providing responses — the degree of finality is not there 

Technical and Humane Considerations^^- 

Framing the Questions. The use of classroom questions in a science 
period, a tutorial period, or an inquiry session is always predicated on thc > 
assumption that*meaningful or purposeful learning activity is taking place 
To ensure that this occurs, you must ask questions in a positive rcinforung 
manner That is, questions should be used so that the\tudeht enjoys learning 
about science and will rectMue positive reaction to his or 4ier responses 
' ' The basic rule for framing -a question is Ask the question, pause, call on J * 

studm This rule is grounded in the psychological principle that when a 
question iL asked, and then followed by t a short pause, all students will 
"attend" to the communication The nonverbal message is that you might 
ask' any student in the class to respond Thus, the attention level of the class 
remains high If you reverse this pattern by requesting $ particular student to 
respond prior to actually asking the question, then all*those students who 
are not involved have an opportunity "not to attend" to the communication 
between you and the student. This same type of question framing can be 
used even when employing the multiple response technique wherein you 

request several students to respond . * 
» 
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When u)U develop the habit of pausing after asking a question, sou 
will j^irn nut to ' 'dre,ad" the wait time Mary Budd Rowe disemered that 
teachers arc most impatient with students when asking science related 
questions 1 She measured the wait time" of mans metropolitan school 
teachers and luund that wait time between asking a question and either 
answering the queS^^^jsJore the student or calling on another student had 
to be measured in (riftWHs oj >uiwh' Is it am wonder that some students 
dreaded to be called upon Ihe\ knew it would elicit impatient behav rors 
from the teacher I want sou to'kViow that.dassroom silence is not bad when 
asking questions and waiting fur the responses 

Probing Techniques. Once actiwties have been concluded, a 
question has been asked; and a student has been identified to respond, there 
is always the possibility that the student will not answer the question 
^ompleicly This is a common occurrence in science classes When this ddes 
happen, you need to move into probingor prompting strategies that attempt 
to clarify the question so the student can understand abetter, that cause the 
student to amplif) the response, or that elicit additional responses from the 
selected individual so yqu can verify whether or not the* student 
comprehends the material 

If a student has neither clarified the question nor adequately 
amplified the response, tficn use a probing technique I o do» this in a 
positive manner, acknowledge the attempted response but then encourage 
the student to clarify or amplify it 

Prompting. During a science discussion you must prompf students 
so that an incomplete response can be transformed into a more t complete or 
logical response Basically you will use the same technique as discussed* 
above regarding probing — i e , you will always aid the student with' a 
positive reinforcement so that the student is encouraged to complete' anv 
incomplete response or£ev lse an incorrect one I n most cases the student^ 1 11 
respond' to a question with a partially correct response Or stating it 
negatively, a studentwill often respond with a partially incorrect response 
in addition to a partially correct one Immediately upon hearing the res|x*>nse 
that fits this category, begin to prompt the student so that the response can 
be completed, made more logical, re examined, or stated more adequately or 
more appropriately . ^ * 

Handling Incorrect Responses. No matter how. skillful vou are in 
motivating students, providing adequate and relevant instructional 
materials, and asking meaningful questions, there will be tjnc continual 
problem that detracts from the intellectual and interpersonal activities of a 
science lesson — incorrect student responses 
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*As was discussed previous!), you can use probing and prompting 
techniques 'when a student response is partial!) correct or incomplete!) 
stated Basicall), prompting and probing are rather eas) techniques because 
you can reinforce the positive aspect of the student's response, while 
ignoring the o negative or incompfete component However, when a student 
gives a total I v incorrect response, a more complex situation arises f u/st, vou 
have little to reinforce positively, and such teacher comments as "Nio" o\ 
"I hat is incorrect" act as negative rejnforcers which, depending on the 
persdnallt) of the student who responds, might reduce her or his desire to 
participate in science discussions or recitation Second, if vou rcs|x>nd verv 
adverselv to ah incorrect' student response, there is a high prohabilitv that 
the "ripple effect ' wilL appear Jacob S Kounin 4 ; yv ho has so described this 
effect, demonstrates that students who are not themselves .the target ot the 
teacher's aversive strategy are, in fact, affected b) what thc'tcachcr does to 
' other 'class members ' - 

" w What, then, can you do ? Since the entire approach to this method is 
to stress the. positive x wk/c fust decision )ou might make is whether am 
portion of the student's verbal response can be classified as valid, 
appropriate, dreorrect. Following this "split-second" decision niaking>vou 
fmust then provide positive reinforcement or praise for that particular 
f>ortion When an incorrect student response provides no opportunity for 
positive reinforcement, you might attempt to move to a, ikutrul probing or 
'^prompting technique For example, vou might st^ate, "Your response is in 
the magnitude of the answer," or, "Could )ou tell us how vou arrived at 
vour answer^" Note that none of these responses is total I v negative, but each 
„ > can be considered as neutral in that it is not positive either 

Concept Rcview^Questions. As you begin to develop confidence in 
using various questioning techniques, it becomes necessarv for vou to rev lew 
in a most efficient manner those prev^ousl) learned Science concepts and to 
relate or correlate them to know ledge ^that will be generated at a later date 
In mo§r/cases r teachers tend to schedule a review prior to a sumuutive^, 
evaluation "Review Thursday" tends to be an ineffective use of student 
time in that the vast majority do not need the review and for those students 
who do, such an oral exercise is usually fruitless in expanding their 
intellectual understanding of whatever it is that the teacher desires * 
How can you review previous concepts while ^ conducting 
questioning strategies* One successful method is to re enter concepts 
discussed previous I) but in the context ot^ncw^t^^rtsG^te^d maVfnal hor * 
example, if you are progressing through a unit on electrical ufitfertts, and the 
topic of batteries has already been covered, and^a related topic — e.g., 
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chemical reactions that produce energ) — is being studied, sou begin to ask 
questions relating to batteries and their chemical reactions It s that supple 

The concept review technique requires that vou be alwavs on the 
alert for a teachable moment that will allow a meaningful relationship to be 
established, a previous concept to be reinforced, or a sv ^thesis ol Jaiovv ledge 
to take place, -therebv creating one more motivational factor tor the class 
* . Encouraging Nonvolunteers. With most science activities,' }ou 
have no problem encouraging students to respond to questions or to 
' present their findings to the class But what are some helpful strategics in 
motivating nonvolunteers to respond verbal!) during a questioning session? 

The first technique is to maintain a highly positive approach toward the 
student Once the nonvolunteer has responded appropriate!) , there should be 
generous positive feedback to encourage the student to continue such 
behavior Another technique is -to ask rather easv evaluative questions since 
mos^itudents respond to questions that concern judgments, standards, or 
opinions 

Another methoql that can V>e used to increase nonvolunteer 
participation is to make a game. out of questioning from time to tunc Place 
each student's name on a card so that vou can draw the cards at random, thus 

* s 

creating a condition where everv student could be called on to recite 

Too, there is nothing wrong with giving the known nonrcspondmg 
students a card with a question on it the das before the intended oral* 
rotation period Vers quietlv hand these students a card and tell* them thc\ 
irSgbf check over the assignment so that the\ can summarize their responses 
for the next class period At least this method begins to build a trusting 
relationship between vou and the students 

I do not condone calling on nonvolunteers for avcrsnc or punishment 
, Tactics Schooling ought to be positive with atteetivc consequences of 
"approach tendencies" bejng emulated As a general rule the most 
^ influential means bv which vou can encourage a non volunteer to participate 
is to be sincere and genuine in treating each student as a human being 
Nonvolunteers have learned, and probablv painfull), that it doesn't pav to 
sav anv thing in the class because the teacher will "put vou down" anvhow 

Developing Student Skills in Framing Questions 

The previous techniques have been oriented toward the teacher, but 
there is another source of questions that is often overlooked — the students 
themselves Classes can be organized to encourage student communication, 
giv ing each one a chance to express opinions and ideas, but ev idence show s 
that teachers do most of the talking. • * 
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Studies have shown that (1) students can be encouraged to ask 
productive or higherlevel questions, (2) the more questions a student asks 
per period, the greater the probability that the questions will be at higher 
levels, (3) praise will encourage and stimulate more productive thinking 
processes among students from lower socioeconomic backgrounds, and (4) 
students become more involved in the classes in which the) are encouraged 
to ask questions. 

To teach students how to frame their own good questions, refer to 
the game that was' first made famous many years ago on radio, " I went) 
Questions " The gamex)f "Twenty Questions," in which participants ask 
questions to identify something L can be applied in the classroom You -can 
present a problem or identify some concept that needs to be discovered and 
then allow the discover) to take place onl) through student question leg 
Initially you conduct the session. But as students, become more proficient at 
questioning skills, then the) rrught conduct the entire session with you 
merely analvzing the various interpersonal reactions 

J Richard Such ma n s prepared an inquiry Development Program 
published by Science Research Associates where the emphasis is on 
developing student questioning skills. Using this approach, vou present a 
problem to the students and then play a passive role in the learning, 
responding only with a M Yes" or a "No" to any student s questron What 
this means is that the students must learn how to ask questions on which 
the) can^build a p)ramid of knowledge, ultimatel) leading to a convergent 
response or answer, rather 'than jsimply a series of unsystemajtically asked 
questions. When this technique is utilized with students- who have had 
almost no opportunit) in the classroom to ask questions, the initial cesults 
can. be rather "sad." However, you should review each lesson and give 0 
precise and detailed directions on how the questioning can be improved As 
one alternative, if it would not be too slow, you might initially write each 
student's question on a chalkboard or on an overhead projector transparency 
^so that each student would have visuall) presented those questions that are 
asked b) her or his peers In this way information and»skills can" be built up 
gradually in a somewhat systematic manner 

Of course, when developing student skills in framing questions, it 
becomes imperative that the students understand thejogic that each question 
must encompass a large category of specifics In short, you* must give 
practical application to deductive logic skills. 

Another alternative to use in developing students' skills in framing 
questions is to have students prepare recitation questions based on the 
science data being studied. Ia this manner you can assign a few students each 
da) to prepare a series o{ questions for their peers Tobe§ure, most students 
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will be oriented only toward facts since that is what is most often 
reinforced in their learning But if you are skillful in continuall) reinforcing 
those questions that are aimed at higherlevel thinking skills and in 
ultimatel) helping each student to prepare appropriate higher level thinking 
questions, you will gradually observe improved "questioning skills 

As a teacher you will noteSihat as you begin to encourage the class 
members to ask questions of eacft other, there is a subtle shitt of 
responsibility to the class Teachers usual ly admonish their charges to 
"acceptmore responsibility " 1 submit that it is in the learning situations 
where greater responsibility may be acquired The latter statement implies 
that responsibility is a " learned behav lor" just like so many other behav lors 
As a teacher you owe it to your students to; help them become more 
"articulate and thoughtful individuals What a splendid opportunity exists 
by a slight shift in classroom, questioning techniques As was stated 
previously, this technique must be carefully explained to the students and 
then practiced for a few class periods You and the class can generate a set of 
criteria that provides information or rules by which jhe v\mous student- 
made questions are framed Then, perhaps once a week or more often, the 
students can cqnduct the questioning sessions Fu* ther, this method acts as*a 
prerequisite experience to student'led discussions 

Teachers with whom 1 have worked have all been pleased with th$ 
results of such techniques And, more importantly , these same teachers were 
amazed at how they underestimated the potential that existed in thejjr classes. I 
am not implying that these techniques are simple to implement^ It takes 
much work and planning But the attendant rew ards make both teaching and 
learning more worthwhile 0 



^Teacher Idiosyncrasies: A Caution \ 

One would speculate that all teacher- behaviors that may be 
associated with questioning are positive and 1 encouraging After all, one 
^needs only a few tricks and a smile and shazam — instant success 1 Un- 
fortunately, there are teacher behaviors that, when used inappropriately, 
maj interfere with a^mooth classroom .verbal interaction pattern Briefly 
these idiosyncrasies are (I J repeating' the question,. (2) repeating all the 
student responses, ( 3 J answering the question — yes, answering one's own 
question, (4) interfering as a student completes a long response by^cutting 
the ^tudent off, (5) ignoring -r- i.e , not attending to — the responding 
student, andJ6) calling on the same few student^ 
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Summary 

s If/you have perceived that I am attempting to make a "game" of 

science teaching, then you are absolutely correct 1 Science ought to be a time 
in which everyone has fun learning or at least will have upprouch tendencies 
while learning. If science can be meaningful and relevant, then students will 
enjov workmg at it Students have approach tendencies for those areas in 
which they are successful, if science is distasteful, then it is because, for the 

* I most part, students have been unsuccessful in science Such an attitude can 
' be easily rectified by making science, or for that matter all subjects, success 

oriented 

f All of the above questioning strategies must be considered among 

vour tools of the trade But learning would soon become a very trite and 
boring exercise J if it w ere centered only about questioning While questions 
comprise an important set of teaching tools, they are just that — tools hach 
technique must be used appropriately and must be congruent with the 

* objective that you have for any specified student, group of students, or class 

Finallv, you might realize at this point that the techniques you need 
to* apply to improve the teaching of science are spme of the same that can be 
used to improve all subjects 
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CHAPTER 4 

being successful 
with science-related 
discussions- 



Jhe most successful elementary school teachers tend to use a mix of 
individual and small-group work. Both of these topics have been previously 
introduced Thus, those promised elaborations with the emphasis on process 
obyitwes rather than p&formanu or behavioral objectives are begun 1 he latter type 
of objectives specifies exact learner Ijehaviors in terms that make learning 
observable Nearly every teacher in America knows how to identify, write, 
and specify learning Th performance terms 

However, there is yet another type of objective that may be of 
equal, if not greater, importance — tk process objective A process objective 
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requires the, learner to' participate in some technique, interaction, or 
strategy Process bjbilding is much more/Subtle than spec i King performance 
objectives and inquires that you carefull) plan exftmnus for the learners As 
was mentioned previously, the schools should develop responsibility, a 
process which takfcs years to accomplish and which some individuals never 
master Development of a process such as responsibility requires that the 
students have something about which to be responsible Likew ise, practice, 
planning, and cumulative experiences are all necessary to develop successful 
processes in small-group and discussion ^chmques j 

It may be confusing to use prouss with two definitions ( I ) the 1 3 
scientific^ processes, and (2) the process objectives that relate to learner 
interaction with techniques or strategies So, to avoid anv problem with 
semantics, I will always refer to the first class of processes as svkMiJu proLsscs ' 
and the second classification as* interaction processes 

On analysis you will discover that the scientific processes tend to 
belong to the cognitive domain of skills, while interactive processes tend to 
fit the realm of the affective domain — the attitudinal v dimensions of Fife and 
learning Let us examine how you can determine the status ot your classroom 
group and what organizational and indiv ldual developments are neeessArx to 
use the interaction processes most effectively 

The Basic Organization 

Establishing Goals. The first requirement ot conducting a success' * 
ful small group science learning activity through either a discussion or a 
small group learning unit is the development of a set of long rang, priorities 
While performance objectives are written for the immediate, interaction 
process objectives are written for the development ot skills, attitudes, and 
knowledge tnat require long periods of time to develop Long range 
objectives are important be*cause, as the planner, you must identify the skills 
that the learners must demonstrate before they can approach or achieve 
mastery of any stated objectives. j 

As an /id 'to youi'Mong-range planning there are several 'skills that 
both vou and the learners must be able to demonstrate I hese might initially 
be called prrJistussion skills Below is a listing of both th^urder and the types 
of skill^mat are .prerequisite to conducting successful small group 
discussions in scfegce 

I The teacher knows how to select and ^jsl^questions in a 

. * systematic manner * 

2. Student/ learn to respond to divergent questions. 

3 Students learn to 4 respond to evaluative questions 
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4 The class is subdmded into small groups to discuss topics that 
require divergent and convergent responses 

5 Students can complete committee tasks 

6 Students learn to ask questions of each other and ot the teacher 

7 The teacher identifies the needed interaction prouxi* for specific 
individuals and for the class as a group 

8 Small-group units are formed in the class 

9 The teacher prepares student leaders, recorders, and observers 

10 The class is subdivided for teacher-led small-group discussion 

11 All class members comprehend the concept ot lormative 
evaluation 

12 The teacher and the students plan for appropriate discussions 
1 3 Students learn roles for various discussion techniques 

14 The class is subdivided for student- led discussions 
1 5 The entire class critiques and evaluates small-group ettorts * 
16 The processes associated with smaLI'group discussions are 
incorporated into the ongoing activities of the class 

On first reading, you might be overwhelmed Please don't be I he 
above 16'major tasks are easily incorporated into science instruction, but 
thev are also easil) implemented during social studies or language arts 
lessons The listas provided to help you evaluate your own classroom and 
v\hat needs^to be done to improve stucfent skills through meaningful 
experiences 

You already have studied, and perhaps; mastered, the aft of 
questioning which was' detailed in Chapter 3 Moreythan likelv vou are 
already using some elements of individualized learning such as learning 
centers in vour classroom Most. teachers utilize some small group activities, 
often through committees All that I am proposing is that >ou extend these 
%/ tested teaching strategies tp the field of science in a systematic manner Let 
us develop the entire technique 

Develop/ng Small Groups. Group size is an important variable be- 
cause 15 influences learner participation levels ^ To state absolute minimum or 
maximum numbers to ensure successful interaction $ difficult An optical 
size generally appears to ran^e between four and eight 

When four or fewer students are involved in a science discussion 
group, there is a tendency to ."pair-off" rather than interact Conversely, the 
~) likelihood* that all students will participate decreases .when the group 
ni^pber approaches 12 With larger numbers — eg., 15 or more — a few 
students tend to remain very interactive, a few somewhat interactive, and 
the great majontv silent or passive It seems appropriate to subdivide groups 
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of 12 or* more into groups of six to eight pnor^to the initiation of a small- 
group discussion The topic, the group, and the leader's experience all affect 
this decision 

A discussion denotes; an exchange of ideas with active learning and 
participation by all concerned On the other hand, recitation tends to be a 
passive technique from the viewpoint of student activity Discussion 
methods seem to be logical extensions of student interactions w ith materials 
or objects during science activities as student and student or student and 
teacher exchange* thoughts Discussions allow students to discover, develop, 
state, and react to personal viewpoints — not merely to'repeut those ideas 
that you or a text has presenrca ■* 

Fgr purposes of clarification a science discussion is described as 
including these elements. * <, • 

1 A small' number (6-12) of students meeting together 
2. Recognition of a common science topic or problem 
^1 Initiation, exchange, and evaluation of information and ideas that 
relate to science. 

4 ^Direction toward some goal or objective (often of the 
participants' choosing). 

5 Verbal interaction — objectively and emotionally t 

"V Why Use Discussions? 

Discussions and small-group learning units are most appropriate if 
you., desire to increase teacher-student and student-student verbal 
interaction in the classroom. Recall ifi Chapter 1 fhat 12 different goals for 
using small-group or discussion techniques were described as being 
appropriate to aid students in becoming more responsible and independent 
learners. Punng the actual science lesson, students become active 
participants in the'tlass activities and demonstrate both their scientific and' 
their interaction process skills * 

A~ well-accepted psychological principle is that students Ic/rn best 
when they ^re actively involved or participating If you desire to promote a 
fwide range of interests, opinions, and perspectives in thescjience class, then 
cfnali group discussions provide another w;ay to ace<impiishf*Wfc goal If you 
desire' to have different students doing different tasks or activities at the 
same time, alj leading *to meaningful goals, or if you desire to practice 
indirect control of the class, then discussion is an appropriate technique 1 * 

Small-group discussions provide an excellent method for dealing 
with controversial issues or open-ended questions The need for a local, 
* state, or national science policy, the problems of advocating a particular 
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solution or point of view, and efforts to inform are all appropriate subjects 
for science'related discussions. v , 

One criterion is critical in. planning for the use of small-group 
discussion activities. Is the activity, question, or group!;task one for which 
there is abundant data ? This criterion requires that you know approximately 
the range, amount, usefulness, and timelinesfoT available materials If the 
students are limited in their jesearch to collections of outdated, inaccurate 
materials, then they will not begbtle to challenge prejudices, develop open- 
minded and flexible approaches to new information, or learn how to reflect 
upon the acquisition of new kjiow ledge 

It is your responsibility as a teacher to develop the habit of thinking 
in terms of the-students-and'l-working-together A "we" attitude helps you 
in establishing clear goals that revolve around teacher-student relationships, 
student\tudent relationships, the learning purposes of the classroom, and a 
supportive emotional climate and learning atmosphere, so that each class 
member respects all other individuals and their respective ideas 

Every one of us has experienced, in either large or small^classes, how «, 
the initial sessions are often marked by a lack of responsiveness and a general 
chmate of anxiety Group development and cohesiveness are attained only 
gradually Effective small-group facilitators understand how to plan^ 
experiences that reinforce group goal -sefuflgk group effectiveness, group 
interaction, and group development 

Studies have shown that, when conducted under appropriate 
conditions, small-group methods are superior for selected purposes There is 
evidence that change^ in social adjustment and personality can be facilitated 4 
through small-group instructional methods. Further, it has been demon- 
strated that small-group activities help to increase the students' depth of 
understanding and grasp of course content Two affective consequences have 
been demonstrated as being attributable to-'smallgroup techniques (1] tne 
enhancement of motivation and greater involvement by the students, and (2) 
tne development of positive student attitudes toward course materials 

Finally, you will find that when you use small-group discussion 
, techniques, your students will develop .science problem-solving skills 
because they obtain ^greater practice in the application of concepts and 
because they realize that the content information has a practical use 

^ Two general skills — inquiry and cooperativeness — will tend to 
increase the effectiveness of the small-group participants As groups develop 1 * 
cooperative members, the quality and quantity of learning become amazingly 
high. Conversely, if the group members compete with each other, there is 
tendency for both the quantity and the quality of learning to decrease Of* 
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course, to reach selected instructional goals, mtergroup competition ma\ 
actually be desirable (if not carried to an extreme) Theo\erall success of 
small groups within >our classroom depends on vour selection % of a blend of 
discussion modes, some of which require mtragroup cooperation and a few 
that call for mtergroup competition, w r hich mav be in the form of science 
related games or simulations $ 

Introducing the Concept of Evaluation 

Evaluation of discussions is designed to provide feedback to each 
individual who participates in the group activitv Since small group 
discussions are interactionprocess-oriented, that process* should be 
wMtimuII) evaluated so that each participant mav improve Jn the preparation 
of such evaluations, simplicity is the kev concept You ask wha.t the goals or 
objectives of the activity are, identify appropriate criteria bv which to**- 
judge each component, and then prepare a model form for the evaluator 

* m Once the evaiuator has judged the group activ lties, data from each 
individual should be compiled so that the group can receive .aggregate or 
cumulative feedback It is possible to tallv all of the individual responses for 
each item and present the sums to the group ^ This technique allow s^each 
individual to compare the self-rating results to that of the group 

Evaluation forms, often simply homemade, mav be fijed bv vou or bv 
each student in orcler to determine the t)pe and direction of grow th for each 
participating yidividual Such data enable,vou to help students who have 
not mastered specific discussion skill^'and to prov ide future direction for the 
group's use of discussion « i ^^^^L 

' One, form of evaluation is simp^^^cord the number^of times each 
student interacts verball) This form couro^be prepared, w ithout anv Special, 
printing. It would look like Figure 4 The evaluator tallies a mark each time 
anv individual speaks At the ejjd of the discussion the leader, and pe'rfiaps* 
even vou, could examine the tabulation tadetermine if someone dominated^ 
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the discussion or if someone did not contribute to it The rationale for this 
type of evaluation is to promote interaction Behaviors, not to blame.anyone 

Another possible model instrument that is designed to get feedback 
frSh the participants themselves, not'just the evaluator, is shown in Figure 
5. You or a small~group evaluator might then compile group data on a graph 
to better observe the total range of responses 

Other evaluation forms might help group m'embers^assess their own ' 
participation over time or test the affective dimensions of the discussion 
(particularly when decisions or value judgments are made or data 
interpreted ) The form in Figure 6 could be used during a science discussion 
that focuses on value-laden ideas or decision making, 

Techniques for the Classroom 

Lei/us now address four welFtested small-group techniques that are 
most suited to science classes (I) brainstorming, (2) Phillips 66, (3) 
tutorial, and (4) task groups. You might even mix some of these as.vou gain 
experience with them *a 

Brainstorming. A vrcy simple technique that is useful when 
creativity is desired* is brainstorming Most science activities have some 
elements that require students to do some freewheeling thinking I hisjs 
when you want to use a brainstorming group An) number of students can 
become' involved in a brainstorming activity The shorter the discussion 
period, is, the smaller tfie groups should be, so let time dictate m^size 
within a 5' to 12-person limit. 

The brainstorming session is started by the leader who briefly states 
the problem under consideration The problem might be as simple as "How 
Can we collect data\*Dout the problem?" or as complex as "How can we set 
up an experiment to test seed germination?" 

After the topic is stated and before interaction starts, |£js crucial to 
select a method of recording the discussion It could be taped, or one or more 
students who write quickly could serve as recorders. 

Although all 'the students will be oriented to the rules, make sure 
that the student leader enforces these procedures The following rules seem 
tb be especially important 

4. All ideas,* except for obvious jokes, should be acknowledged 

2 No criticism is to be made of any suggestion. 

3. Members should be encouraged to build on each other's ideas In 

the final analysis, no idea belongs to an individual, so encourage 

"piggybacking." 
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Directions To evaluate your group, place an "X" or. the line above the statement that best 
describes vour reaction to each of the incomplete sentences 

Croup , : , h Date 

Name : . 

I I thought that the discussion 



Gave everyone a chance Allowed almost everyone 

to participate freelv, a chance to^articipate 

freely 

2 As far as mv participation in^the discussion, I 



Was dominated 
by only a few 



Was reallv with it 

} The discussion leader 


- Could have done better 


Was totally out of it 


Encouraged a wide range 


Selected only a few 


Seemed to domin- 


of participation 


persons to participate 


ate the discussion 






most of the time 


hgure 5 Checklist for Discussion > 



PirMums The student who evaluates the discussion should circle the response that describes 
the conclusion If any negative evaluations^: given, then a short statement of how that aspect 
can be improved must be given 

1 To what extent was the task 
-clearly defined? 

2 Were all conclusions definitely 
stated or identified? 

3 How would you rate the value 
of the conclusions? .„ 

4 Were the conclusions' made in 
light of the problem?' 



How well did the group share , 
information? 

v_ . * . 

To what extent could you determine 
if the participants were pleased 
with the manner in which the dis- 
cussion took place? 



Well 
defined^ 


Somewhat 
defined , 


Needed 
clarification 


Very well 
stated 


Somewhat 
stated 


Suggestions 
to improve 


Very 
practical 


Somewhat 
- practical 


impractical 


ATes 


' No, the conclusions 




were made 
other data 


by considering 


Much 
sharing 


Some 
sharing 


There seemed 
to be a need 
for more 


All . 
seemed 
to* be 


Most 

seemed 

pleased 


There seemed 
to be a mix 



Figure 6 Discussion Product Appraisal Form 
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4. Solicit ideas, or opinions, from silent members Then give them 
positive reinforcement 

5. "Quality is less important than quantity, but this does not relieve 
the group members from trying to think creatively or 
intelligently 

Brainstorming is an initiating process and must be followed up with 
some other activity After the discussion or brainstorming session, it is! 
important thatjhe ideas presented be classified^) t) pes and then evaluated 
for use by students in followup activities One wa) to follow up would be 
to use the ideas generated in the brainstorming session 'as the basis for 
another type of discussion Brainstorming can also lead tathe prioritizing of 
the elements — e.g., when ^ou desire a series of suggested science topics to 
be assessed in priority for future study 

The evaluation of a brainstorming session should not be lengthy, and 
it should be nonthreatening for the participants Remember, you want 
everyone to contribute, regardless of their level of academic capability You 
may want to make some private assessments about academic levels, levels of 
inhibition, or who is "turned off by science, but all, public evaluation^ 
must be highly positive in nature 

Phillips 66. The "Phillips 66" 'discussion group involves exactly 
six students* and was developed'hy J Dbnald Phillips at Michigan State # 
University It is established quickly and does not call for pre onentation 
Students do not have to be highly skilled in group Interaction for this type of 
discussion to work effectively In fact, the Phillips 66 technique is most 
appropriate as an initial mixer activity. 

The class is divided into groups of six ( thison be done by you or on 
a ^blynteer basis) The groups then have one minute in which to select a 
secretary and a leader At the end of one minute, you give a clear and concise 
statement of the problem or issu&for discussion, worded so as to encourage 
specific single statement answAs. The students then have exactly six 
minutes to come to an agreement as to the best solution for the problem 

When uSing the Phillips 66 group in the primary grades, you may 
decide to eliminate the role of secretary, but I would encourage you to still 
consider the benefits of having one of the students summarize the group's 
solution. Listening and summarizing are important skills for group work, 
and the Phillip^£6 method is a good training technique for future group 
leaders, recorders, and e valuators. 

The Phillips 66 discussion group can be very useful as an initiating 
activity for a concept formation or attainment lesson or as a lead-in for a new 
scien^ unit. You can probably think of many other appropriate times when 
* ♦ 
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it would be beneficial to fociis the students' attention on a problem or 
concept and to quickly create interest in this problem or concept 
* Your role is very simple You decide cWtfe 'topic, arrange the 

groups, start the discussion^ and then just observe After the discussion ?s\^ 
over, you might want to discuss with the students ways that the leaders can t 
- * * keep the group 'focused on the task 

Tutorial. The tutorial discussion group is used most frequently to 
help students who have experienced difficulties in learning cither basic 
skills or a single scientific concept, or who are absent from science classes 
I he group has only a few students (usually two to four) and focuses on a 
narrow range of materials It is an excellent way to facilitate the handling of 
mampulatives or to demonstrate and evaluate motor activities 

The arrangements for a tutoring session should provide easy "eyeball 
to eyeball" contact to ease the flow of communication among all. persons 
The selected discussion leader is clearly identified and, as such, plays a 
somewhat dominant role in the group process This leader has three major 
functions to perform wher£ in the tutorial mode ( 1 ) questioning the group 
to pinpoint the exact problem that has blocked learning, (2) providing 
information or skills to facilitate learning, and ( 3j encouraging all 'to ask 
questions and seek answers a^iong themselves 

Lest you have serious reservations about the tutorial technique, it 
has been demonstrated that students often learn better from each other than 
from the teacher' Many school districts currently use student tutors and are 
finding them to be, invaluable resources for the clas.sroom teacher (Of 
course, a teacher aide makes an excellent tutor ) I caution, however, that 
prior to using student tutors, you must be satisfied that each one has 
mastered the necessary competencies — such as the skills of questioning, 
giving positive reinforcement, and analyzing work tasks „I he student who 
leads the tutorial science discussion also needs to have developed some skills 
in the area of human relations The leader must be patient, yet provide warm* 
, and friendly encouragement The leader must also keep the group, movung 
toward its goal, accept the inputs from those who learn slowly, and prod 
those group members who are slow to contribute • * 

Although probably most often used to alleviate student learning 
difficulties, the tutorial discussion group is an excellent method by wjuch to 
- encourage independent projects for advanced learners 'Many gifted students 
will find it a challenge to try to explain their project to other students 

Task Group. Another easyfxruse'discussiorv type is the task group 
As the name implies, students are involved in some type of work or activity 
in. which significant contributions can be made by each 1 group member 
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Prerequisite to using the task group is the specification of cicely defined 
tasks or assignments to all group members. The task group is very similar to 
a committee, having clearly defined goals' individual assignments, and roles 
Further, it is beneficial for )ou to establish a* work schedule and a system for 
internal monitoring of achievements, and mitral^ even to provide all of the 
learning resources that may be necessary to accomplish the identified tasks 
Really, the latter is recommended At the scheduled conclusion of the task, 
each subgroup reports its findings to the entire class 

Task groups tend to beteaxjjer dominated in that the teacher usually 
selects the tasks and assigns each class member to accomplisjjvsome specific 
role This discussion type can be used #ery efficiently during the eariy part 
of a semester when you are attempting to provide students' wljtbfcpecific 
scientific process competencies Using this technique you can observe how 
selected students work with each other and how responsibly they tend to 
accomplish the task that has been assigned. 

V 

In General 

The use of small groups in scienceinstruction is one more method by 
which to.make your' class more setFsustained The technique is Hot to be 
construed as an "easy way" out of teaching science After reading the text 
to this point, you must surely be asking, "Can anyone possibly have the time 
to do all this and teach science, too ? " ^ 

The response to that thought is that both science and discussions are 
chiefly processes As you teach one process, you integrate the other My 
point of view is that teachers should realize that science is easily adapted to 
any reasonable teaching technique Further, by developing small-group 
discussion strategies, you will find that^ou will have more time to interact 
with your class members. It will be, # of course, an interaction with small 
groups — but it does increase your Interactipn^significantly 

CHAPTER 5 

FITTING THE PIECES 
ALL TOGETHER. FOR SUCCESS - 



4* 

At this point you might just be thinking to yourself, "He'hasn't 
mentioned one thing about needing further science training " That is correct 
and I had originally not planned to mention it at all My rationale- is that 



elementary school teachers are expected to 'be, rcallv, the»*las,t of the 
encyclopedists Everv advocate tends to conclude that vou foils need more 
— more .career education, consumer education, drug educatton, health 
education, nutrition education, science education, human relations training, 
counseling training, physical education training," mathematics training, 
anthropology, economics, 'history, sociology, and on, and on/and on 

T am an advocate of science education' There vv ill be no apologies tor 
that Yet*. 1 am a realist Most of the science activities that vou must 
incorporate into vour dailv teaching — or more realistically into about two 
or three hours of instruction per week — require onlv a general orientation 
to the basic. sciences. To be sure, it is mo^t desirable to have hac^ourses in 
biology, physical sciences, earth sciences, atmospheric and spacejjcfhces, 
outdoor education, and scientific* equipment Most of >ou have had one or 
two courses from that list Yet, most of you will need some tvpe ot added 
preparation during the in-service phase of your takers 



' Organizing Support for Science * 4 

in-Service, Programs 6 ^ 

I here are four elements that I have found to be essential tor success 
when designing and conducting effective science stall development 
programs (1) awareness, (2) application, (3) implementation, and (4) 
maintenance 

Awareness. Training projects or activities that arc designed to 
provide information about new science concepts, developments, skills, 
equipment, curriculums, or teaching techniques are- classified as Jiumm.vs 
sessions I hese activities ^re essential tg keep all statt members up to date and 
informed about professionally related skills 

Awareness sessions u^uallv includd shftrt conferences, one da\ 
institutes, multimedia presentations, programs given bv Nalcs rcprcsenta f 
.tivcs, promotions, t lectures, or visitations to schools with a reputation A 
having a good science program I he information obtained at this le\cl matxs 
one knowledgeable that spme science curriculum "exists' or is aval lab L for 
use I he teacher 1 participants are usual!) learnin^about selected procvssKor 
products fpr the first time ' 

In too manv c^ses^urserv ice programs are centered about one sudncc 
)t awareness project- after another Thus, the statt becomes exposed! to 
something new, but that is it — exposed' * 1 

While awareness is critical to* learning about *elcmcntarv scieike 
programs, an additional set of steps must be taken teachers and principals 
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need to put selected innovative' science activities into practr^e — which 
' leads directly to the second^emen t for effective in-service twining 

Application. TheQlement of application carries the connotation that 

something is used in a context different from that in which it was initially 
• learned. How does a school district incorporate an application phase into its 

science in-service programs? There are several alternatives, let us examine 

but two 

One of the tested methods of application is that of micro-teaching 
o You select only a few peers or students and try the science lessons with a 
few of them each day There is no penalty in micro-teaching for failure as 
there is in *he classroom. Only a fewj teachers may be involved in the 
activities The essential attribute of the application phase is cxpencnu 

New science curnculums, new science textbook series, and sets of, 
science teaching strategies can be tested.by a group of teachers Perhaps an 
entire school might act as the trial center for some specific science program, 
project, ojr skill-building training. By incorporating the application phase* 
into the school district's in-service operations, a full-scale science! m service 
program that focuses on a given activity may be supported or aborted, 
depending on an evaluation of the, application phase 

Implementation. Full commitment: to a science in-service program 
takes place after successful application phases The most intensive period of 
the project or program is the implementation phase AIL appropriate teavliers anJ 
administrators arc involved in a full spectrum of in-service activities that relate 
to the successful teaching and learning of the selected science program ^ 
Further, it lsauring the implementation phase that the supervisor) activities 
of responsible science resource personnel are focused on helping the involved 
teachers and principals to perfect the science skills, procedures, or content 

The word appropriate was carefully inserted in the previous paragraph 
because it has been often assumed that "everyone" ought to be involved in 
most school district in-service activity. Such broad scale, involvement is 
seldom, if ever, warranted in any school district Science! m-service 
programs are. planned, designed, and incorporated into the curriculum 
following carefully conducted needs assessments It has been m> professional 
experience to observe that needs surveys illustrate a wide variety of desired 
in-service activities in which specifically designated personnel are the foci 
Provide the^in tensive training only to the immediate users Relevanu is -the 
key word in this phase ^ 

Onp^ast point: The implementation phase is complete when the 
involvogKpersonnel demonstrate the newly learned and desir^J science- 
related behaviors, can perform them in the classroom or office, know why 
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thev arc being performed, and can evaluate indiv ldfial proficiency bv a set of 
systematic criteria The "pay-off of an\ systematically conducted science 
in service pfD^ram mav be observed through successful individual or group 
assimilation and implementation 

Maintenance. The final phase is a coYitinue\i and longitudinal "low*, 
level visibility" set of science in-service acuities that follow the major 
implementation effort The term mdmtoumtL implies that some' kind of 
fotlovvup is required New persons are hirecCin the district, persons change 
grade levels or switch buildings, and fc some persons vvill simply need 
additional training to perfect the, needed^ Science skills 

To address these rather spec^l needs, a school district curriculum 
coordinator must plan and develop a set of internal mechanisms bv which to 
conduct the maintenance in-service activities One successful method is to 
identify, and rew ard teachers or administrators who are judged as exemplars 
of the newly learned science-related behaviors or skills and ask them to 
conduct short-term c4inics or help sessions A second method is to use the 
principal or central office resource person (if thev have the time) as the 
training agent Yet another techntque employs multimedia instructional 
systems The essential eldment is to provide all identified incTi vidua Is with 
the preparation required for sustained success of the science program 

Implications 

School districts that have incorporated the ajjove model tend to find 
teachers' and administrators' attitudes about science in service programs to 
be very positive The^uUSmate end, of course, is better science instruction 
for the student in the classroom 

However, it is abundantly apparent that such science in-service 
programs requne school board, commitment to ensure success I his 
commitment comes first in trte form of a written board policy that recognizes 
m -service education t as a continuous need of the district I he fiscal 
commitment of the school board for science will be enthusiastically matched 
by the professional commitment of teachers and administrators 

This in-service plan implies that learning is truly continuous and is a 
valued activity More importantly, it provides a parity for science in service 
The teaching staff and administrative staff each do what is essential for 
collective success — and for the success of the students, too 

Some Comments About Incentives 

Quite obviously, involvement in in-service programs requires more 
than a passive commitment to the 1 profession To accomplish any ambitious 



program requires identification of incentives that may aid professional 
commitment 

One major intrinsic reward is the self-satisfaction of having become 
knowledgeable about science Further, the translation of the scientific 
knowledge and techniques will help raise student achievement levels 

Other educators will desire to gain college or university credit, 
ultimately to gam advancement on the salary schedule 

Another incentive is released time This time is, used to observe 
other teachers, conduct science m serviceon the maintenance level, study the 
adopted science program independently , devise evaluation strategies for the 
program, or plan for new activities to be incorporated into the science 
program 

Paying the Bill. School district administrative personnel rtnjst be 
alert for methods to fund.in-~sery.ite efforts These include linking with a 
local or regional university to apply to the National Science Foundation for 
partfttlege teacher improvement grants These grants provide, at no cost to 
the school district or the participants, science-content-related programs 
during either the summer or the academic year The vast majority ot these 
grants provide for instruction to be conducted right in the school district 
« State offices of education often have federal projects that can 
provide some fiscal support for science in -service- programs 

The concept of the "Teacher Center" 'will.undoubtedly provide 
delivery systems to teachers that will improve their science skills, and at the 
local level 

I would also suggest that a school district contract w uh sympathetic 
science educators ancj scientists at a local or regional university to conduct 
an in-service effort that is based on clearly specified objectives — 
determined bv the staff In this manner, the teachers can obtain additional 
extension credits, the district pay? for the training, and the teachers and 
administrators plan and design the instruction that they need 

There are many other methods^ of approaching the problem of 
providing relevant science m-servi{je^programs The essence ot in service is 
to provide needed experiences to the teacKers and principals, to extend a*nd 
expand their science knowledge, and ultimately to reduce the levels of 
anxiety tfSt accompany adventures "into the unknown " 

Teaching Students with Special Needs 

One area of American education that ns gaining momentum is the 
adaptation of instructional materials and science curriculums for handi- 
capped children These widespread efforts in science education for the 



handicapped stem primarily from the passage of Public Law 94 142, the 
Education for All Handicapped Children Act of 1975 Much has been 
written about PL 94-142, and it must be noted that one aspect of the law 
has been to make available the totality of the curriculum to all handicapped 
children J 

Public, Law 94-142 requires all school districts to prescribe an* 
Individual ^Education Plan (IEP), detailing the general and specific 
objectives for jhe student Science also requires the specification of 
objectives Thus, you already have the element of planning completed 

Assuming that your elementary science program is activ ity oriented, 
you will soon find that it is not difficult to accommodate handicapped 
children in science classes Recall from the earlier chapters that modern 
science programs are divergent in characteristic This same divergence 
allows 4 for greater flexibility in meeting the special requirements of teaching 
handicapped children In man,) activities there is the need for a small group 
two or moifc children workmg on the problem, this allows a handicapped 
child to be 'placed with a supportive group 

Most activity-oriented elementary school science programs, have 
both physical and biological science components and are designed to be used 
throughout the year at each grade level, kindergarten through grade 6 A 
definite teaching cycle is usually suggested. In nearl) all modern programs, 
the initial activities are organized so that the students learn tnrough 
spontaneous interactions with the various materials During this stage all 
students have the opportunity to explore, touch, feel, discuss, and enjoy the 
stuff of the lesson Here is the opportunity to initiate those diverged 
questioning skills, as the students respond divergentl) when asked what 
theV 1 ' observe during^the initial experiences v 

Later, scientific concepts are identified by either you or the 
students Again, by having concrete science materials, you will find that the 
handicapped can attain moj^concep/ts as well as your other students" 

The last stage of nearly all modern elementary science programs is 
the application stage This stage comes only after the concepts have been 
identified an& after the students have had concrete learning expediences that 
illustrate the respective science concepts During the final stage,, 
handicapped students Will ha,ve an equal opportunity to/provide examples of 
where the concept is located in the real world or where it could be applied 
in a novel situation With such divergence, there is little chance that either 
the student or the teacher carrfail 

Successful teachers of the handicapped bave long known that 
specificity of tasks is important You might be worried that a divergent 
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science program will not contribute to the identification of specific learner 
tasks. To the contrary, even the most divergent, programs allow you to 
prescribe specific learner objectives Activity-oriented science programs 
offer a challenge to the handicapped student if manipulative skills are 
deficient, yet you can adapt the activity so that it may be accomplished by 
these students > 

The essence of .science is doing Keep that essence foremost with the 
handicapped 

I acknowledge that the previous treatment on teaching the 
handicapped is most underdeveloped Having handicapped students in the 
classroom will cause some initial anxieties Yet, you arc not alone I hese 
students have special teachers who will be able to give you explicit 
methodologies and tips on how to maximize' science learning with them 

t Evaluating Science Programs • 

The use of a previously adopted science program or the anticipation 
of a newly adopted one tends to be a source of elementary teacher frustration 
and anxiety If teachers tend to rate the adopted program as being of poor 
educational quality, then there.is a high probability that thp will teach that 
science program as little as possible — if at all However, pne cannot attack 
any science program without the use of clearly stated and objective 
evaluative criteria School*ciistricts often have various checklists by which to^ 
evaluate science programs There are, however, far too manv cases where * 
adoptions are made somewhat intuitively and the teachers were not truly 
involved in the adoption To alleviate these problems, let us now address 
the issue of science program evaluation 

2 ' Program Goals and Objectives. Throughout, I have assumed that 
present and future elementary school science programs will be activity 
onen/ed Implied in the assumption is that elementary science education 
will continue to stress the scientific processes by which knowledge is 
acquired Thus, a major goal for any program is the development of inquiry 
as a basis for study 

Whether the developers use performance objectives or some form of 
knowing what is expected of the learner is critical While there ft greaf 
division among science educators about the appropriateness of performance 
objectives, you need to have some concept of what is to be accomplished 
w^th the various activities This is the essence of stated objectives 

- Scope and Sequence. There is the need for some logical development 
of science activities in a "scope and sequence" chart so that all the staff 
knows where the program is. ultimately going Traditionally, the concepts ©£>, 
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^op< and have meant that a pattern of student learning experiences 

has been planned or^ identified Sa>pe implies the relative impact X)f the 
subject to be studied When planning for Jtptli or bnsdth ot a definite science 
program, planners determine the scope There is a great deal ot divergence m 
the scope of topics covered in general science courses being designed tor the 

■ elementary school, some will treat each topic in depth, while others will 
address similar topics in a less developed structure Vet, all topics are 

, selected and designed to provide wider exposure to the students so that 
tauJili ot the discipline is stressed 

I he concept ot xquen^ implies that the activ i tics will be structured 
by a prescribed design Sequence isusuallv determined bv ( i ) logic — 1 each, 
topic follows a definite entrv and exit, (2) topic — the concepts are 
sequenced to provide some Gestalt of the subject, ( 3) hierarchy — each 

•topic is subdivided into specific learning increments, all being arranged in 
patterns of know n to unknown to be expanded from simple to complex, ( 4 ) 
developmental stages — the concepts of developmental psvchulogv , usyallv 
Jean Piaget's, are used, and (5) a combination ot the tour 

All science programs must be examined to determine the scope ot 
topics and the order of sequencing Since similar topics appear in .nearly all 
books, it is possible to compose arable of topic categories to use, irt 'choosing 
a program that best meets the district's science goals e 

Within the concepts of scope and sequence, there should be an 
analvsis to determine if the science program is highlv structured A verv 
highlv structured program requires close adherence to the program per sc 
Such programs a!!ow r little in the way of teacher initiative However, a 
structured program does have some built-in efficiency — i e , vou know 
what is expected and tan spend your time implementing the program rather 
than creating new activities Loosely structured programs, convcrsclv , allow 
a greater degree of teacher latitude in the teaching of topics 

Accompanying the above is the concept ot progrum jli utility Most 
programs are built witty a K-6 scope and sequence, Other programs tend to 
have the option of being supplemental to the program that the district has 
already adopted In yet other case/, the district can select various 
components of the .science program that ultimately reflect an eclectic 
approach to science ( 

Finally, under the concept of scope and sequence comes a 
determination about the balance of science subjects or topics that are 
presented Some programs tend to stress a broad balance between the lite 
and phvsical sciences Others tend to stress the physical sciences tar more 
than the life sciences If a program has a strong life science component, has 
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the district made the necessary commitments to maintain and deliver life 
science materials to you, or must vou maintain your own life science stock^ 
The. latter decision is most crucial to the success of an) science program that 
has a life science component 4 

Instructional Strategies. A good share of this book us devoted to 
science instructional strategies However, when evaluating an elementary 
school science program, vou must consider the types of teaching strategies 
that are required One import^ consideration is the relative amount ot 
individualization that will take place If a program requires a great deal of 
individual student work, then both vou and the students must be taught 
how to effect that- strategy Because nearly all modern elementary science 
programs require inquiry in the broadest sense, school district administra 
tivV personnel and teachers, alike, must simply plan to conduct in service 
efforts that address the many "techniques that are included under" the generic 
term of inqum Programs also vary from those that desire teachers to be very 
nondirective to those that are highly prescriptive 

Costs and Maintenance. A critical decision area for many science 
programs concerns the initial cost of the program and the yearly replacement 
costs for expendable materials When cost comparisons are made, there is 
the tendency to weigh the cost of a comparable textbook, which can be kept 
for about six years on an adoption cycle, against an activ itv oriented science 
program Ultimately, the evaluation of the alternatives must be made on a 
benefit theory basis since it will cost the^listrict to teach science, no matter 
what the method Which program „will achieve the intended goals and 
objectives at the least cost tends to* be the basis on which favorable or 
* unfavorable decisions are made 

Teacher Reactions* If your school district has adopted a program or 
is in the process of field-testing one, .then the "using" teachers should be 
polled to* determine their perceptions This type ot evaluation should be 
designed to measure the interest of the staff, the use ot teacher time in 
teaching science, and the extent to which the teachers perceive that the 
program is fulfilling the scientific literacy needs of the children Figure 7 
illustrates one instrument that could be used in such an endeavor 

In Final Conclusion 

1 had as my original goal the reduction ot anxiety about teaching 
science in the elementarv sehooFs 1 hope that the goal w ill be met I he real 
pav off to vou teachers is the actual application ot the main ideas and 
techniques presented herein ?j ^ 

* * 
P') 




KtrtJlv vOmpktf ihi following 5unt\ jhoul our ckmcnUry s^knu fr^rjm 

1 Time survev Please circle the number of minutes per week spent m the 'following areas 
a Planning time (0-4) (5-10) (11-15) (16-20) 
b Setting up materials (0-4) (5-10) (11-15) (16-20) 
c Student class time & (J@u30) (31-60) (61-90) (90-120) 
d Other science activities * (CV4) (5-10) (11-15) (16-20) 
e The total time in minutes per week spent on science ! 

2 Is the amount of time Ics% ihan ^uul to ut gnuttr llun that spent on mathematics, reading, 
and social studies respectively , 

\ Did vou find it nece$sarv to supplement the science program with other science materials 

or activities ? * 
, a In almost all cases " c In a few cases 

b In most cases d In no case 
4, If supplements were used, specifv for which units or lessons , 
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5 What is vour overall reaction to the science program? 

a Vers positive , f c Negative 

b Positive - d Verv negative 

6 If negative please list specifics , 



7 What unanticipated events have been happening in vour science classroom? 



8 In vour opinion how do the students in vour classes like the new science program? 
a Like it very much * d Dislike it 

b Like it e Dislike it verv much 

c No opinion ■ 

9 What concern or problems have you had with the program? 



Figure 7 Sample Instrument lo Evaluate Science Programs 



To be certain, I could have presented other topics that would reduce 
teacher anxiety However, this work must be viewed as a "commencement" 
— a beginning to make you aware of the potentials that exist in your 
classroom and to stimulate you to arlalyze your own specific needs, wants, 
desires, and anxieties Many of the detailed accounts on the previous pages 
should lead you to examine the current assets and deficits of your school s 
elementary scjejice program, as well as the assets anck^eficits of your own 
professional Background. * ^\ 
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In the final analysis, it will be the teachers and principality ho will 
improve science in oi*r elementary schools No curriculum is "teacher- 
proof " The single most important person in the classroom (other than the 
students, of course) is the teacher Teachers inspire , Teachers provide the 
affective dimensions of science Teachers challenge, guide, and share in the 
richness and joy of young learners accomplishing their science lessons and 
making discoveries that are for them truly significant events Yes, ft is the 
human side of science teaching that « all important Inspiration for 
excellence begins in the kindergarten and continues in a never ending cycle 
Through the field ot science you have an advantage over all other teachers or 
subjects — science is the shape of tilings to come' 

Yet, the real anxiety of teaching science lies in our own inability to 
live peacefully on a planet that will shortly be inhabited by six billion 
people Humanistic concept^ such as charity, love, and justice need 
operational definitions just as gravity, fusion, and relativity A critical 
challenge in the teaching of science is to reduce irrational patterns in human 
behavior through the processes of scientific thought How to discover and 
V^apply new knowledge and extend it to benefit all humankind is the 
challenge that great teachers have always presented to their students Let 
that be, in some small part, your challenge' 
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SCIENCE ANXIETY 
Aj\D THE 
CLASSROOM TEACHER 




Many teachers (especially on the elementary level) tend to be apprehensive 
about the teaching of science, despite the fact that science, technology, and scientific 
\ alues permeate American culture Perhaps that is the problem science is so much a 
part of our daily* lives that we tend not to observe the evidence of its processes 
occurring within and around us A - """*" , " * 

1 he problems associated w ith teaching &ienab,at the elementary level have nut 
resulted from indecision as tq what to teach or cvehlwu, to teach, but rather from what 
seems to be a fur of leaching Wiethe In this publication Donald C Orlich provides a 
series of classroom-tested practices and techniques designed to help classroom 
teachers overcome science anxiety The material is developed through these key 
concepts Bearing the Unknown, Managing Materials and Organizing for Inquiry , 
Using Questions, Being Successful with Science Related Discussions, and Fitting the 
Pieces All Together (T 

Early readers of the manuscript commented ' 'An excellent concise book to help 
allay the fears of classroom teachers " "Well organized, frank, and self assuring " 
"Perhaps elementary teachers are in most need df this but* 1 it ) includes secondary, 
teachers as well " "Throughout the book there are excellent definitions of the 
concepts promulgated by^the author In addition, he prov ides vera I good figures to 
illustrate his poiots I his publication would be a suitable purchase for a Hbrary 
or faculty lounge However, it could best be used as an introduction for an in service 
workshop on teaching science in elementary schools " "Science supervrsors would 
benefit from this text " . 
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